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ABSTRACT 
Currently endodontically treated teeth are clinically restored using a post and 
crown system, where the elastic modulus of the post is similar to dentine.  
The proposed post system materials include glass fibre reinforced post and 
composite resin adhesive. The objective of this study was to evaluate the 
comparative bond strength of a resin adhesive and a glass ionomer cement 
with human, elephant and sperm whale dentine and glass fibre post systems, 
through a push out test.  
 
The push out test was carried out on extracted single rooted human teeth, 
and with elephant tusk and sperm whale dentine. The two types of glass fibre 
posts (Everstick® Post and RelyX™ Fibre Post) were placed into the dentine 
using two adhesives (RelyX™ Unicem self etch resin adhesive and 
AquaCem® glass ionomer luting cement). The fracture toughness of the 
RelyX™ Unicem composite adhesive was measured using the peel test.  The 
push out test sample of human dentine and RelyX™ fibre post luted with 
RelyX™ Unicem adhesive was simulated using a finite element model with 
experimental load parameters.  
 
The push out test results showed that elephant dentine produced better 
interfacial bond strength with both post systems and adhesives. The 
Everstick® post with RelyX™ Unicem adhesive showed optimum bond 
strength compared to the other test groups. Glass ionomer luting cement 
showed poor bond strength with both post materials. The finite element 
simulation of the push out test suggested that the interfacial failure occurred 
between the post and adhesive interface, where high shear stresses were 
seen between the post and adhesive interface. 
 
The study concluded that the Everstick® post along with RelyX™ Unicem 
provides the best interfacial properties required under masticatory loads. It 
can be suggested that glass ionomer cements should not be used as a luting 
agent for customised glass fibre posts. 
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CHAPTER 1: 
1.1: INTRODUCTION 
 
The oral cavity comprises of teeth which make approximately 1/5th of the total 
surface area in the oral cavity. Teeth are mainly used for mastication, but 
also play an important part in speech and aesthetics. A major disease which 
affects the soundness of a tooth is decay, also known as dental caries. 
Dental caries occurs due to the acid attack of microorganisms and 
fermentable carbohydrates on the calcified tissues of the teeth. However, if 
the decay is left untreated, it can cause major problems such as necrosis of 
the pulp, this leads to inflammation and finally the death of the pulp.  
 
The clinical treatment for a necrotic tooth, where the pulp of the tooth has 
died due to bacterial infiltration through dental caries progression from 
enamel through dentine into the pulp is endodontic treatment. It is a 
procedure that involves the removal of the necrotic pulp to prevent 
inflammatory responses. This procedure is commonly known as Root Canal 
Therapy (RCT). Where the root canals of the tooth are cleaned and shaped, 
so that they can be filled with an appropriate restorative filling material to 
allow the tooth to remain functional in the dental arch and prevent further 
bacterial infiltration. 
 
Unfortunately, RCT sometimes involves the removal of a large amount of the 
tooth structure. Consequently an endodontic post is needed for supporting 
the coronal restoration. For the endodontic post treatment to be effective 
there are different types of posts available for different retention modes. 
These include active and passive posts that are made of various materials 
such as metals, ceramics or fibre-reinforced composites. The metallic posts 
were the first type to be developed and have good mechanical properties. 
But literature reported that metal posts have a high level of root fracture due 
to their wedging effect against the root dentine in which they are cemented, 
they are corrode easily,  along with a high stiffness and cause nickel 
sensitivity in some patients. To overcome these issues, ceramic posts were 
16 
 
developed. Ceramic posts are biocompatible, with good physical properties 
and are aesthetically pleasing. They have lower Young‟s modulus than 
metals posts, but it is still greater than dentine. A major disadvantage is that 
they are brittle and are difficult to retrieve in case of failure. 
 
A recent type of post which has been developed is fibre reinforced composite 
posts. The commonly used fibres are carbon, quartz, all ceramic or glass 
fibres. The fibres are embedded in an epoxy resin matrix shaped into a pre 
fabricated tapered post.  The glass fibre reinforced posts exhibit superior 
qualities compared to the posts reinforced by carbon fibres.  The distribution 
of the glass fibres within the post increases the toughness, allowing large 
load distribution. The fibres are translucent which allows transmission of light, 
allowing sufficient setting of the cement. Fibre-reinforced posts have elastic 
modulus closer to that of dentine, thus reducing the risk of root fracture. They 
are more aesthetically acceptable; can be easily removed in case of 
retreatment, they do not corrode and are designed to be cemented with a 
luting agent which offers chemical bonding to the root dentine walls.  
 
There are a number of adhesives which are available for the attachment of 
the prosthesis to the tooth structure. The commonly used adhesives for post 
cementation are luting cements, including zinc-phosphate cement, glass 
ionomer cement, resin modified glass ionomer cement and composite resin 
cement. For fibre reinforced composite posts, composite resin cements are 
the most suitable. The composition for fibre reinforced posts consists of 
difunctional monomer BisGMA (biphenol glycidyl methacrylate), diluents and 
quartz or silica fillers. The resin adhesive bonds to the glass fibre posts by 
silanation which is a coupling agent used to promote adhesion. Silane acts 
on the surface of the glass fibre post causing a chemical reaction. The 
chemical reaction is either a condensation reaction or copolymerisation by 
reacting with terminal groups which have free radical sites. 
  Silanation improves adhesion. 
  Silanation improves hydrolysis resistance. 
17 
 
  Silanation increases toughness. 
 
The bonding of these cements to enamel and dentine occurs by different 
mechanisms. In enamel, micromechanical retention is achieved by etching 
the enamel surface with acid. In dentine, the retention is achieved by the flow 
of resin in the dentinal tubules which have been exposed during the 
procedures of cutting and smear layer removal, resulting in the formation of 
resin tags. The application of adhesives is a multi-step procedure which is 
time consuming, complex and technique sensitive. Therefore, self-etching 
adhesives have been introduced in which the polymerisable acidic monomers 
etch and prime the enamel and dentine thus eliminating the need for 
pretreatment of the teeth. The bonding strength is thus dependent on the 
micromechanical retention and the chemical bonding between the luting 
agent, dentine and the post. 
 
Clinically it is often found that endodontic post adhesives fail between the 
interface between the post and the dentine. Also they can fracture at the 
apex of the root and at the cervical margin. In order to improve the interfacial 
properties, it is important to understand and predict the forces and stresses 
which are the endodontic post system are subjected to during mastication. 
These parameters could be measured and identified through mechanical 
testing which give a more precise distribution of load to test the existing 
materials and through finite element modeling, to improve the design of the 
post systems. 
 
1.2: AIM: 
 
This study reviewed the different types and the properties of glass fibre posts 
bonded with both resin composite adhesive and luting moldable cements. 
The adhesion to the tooth structure and post system was investigated with a 
view of suggesting the most suitable combination of glass fibre post and 
luting cement to provide the best possible adhesion interface to reduce the 
clinical failure of endodontic post systems. The FEA ssimulation was used to 
18 
 
predict the interfacial bond strength and the type of failure occurring between 
the interfaces. 
 
The aims of this study are: 
 
 To improve the understanding of the interface between  
endodontic posts and adhesives 
 To suggest the most promising combination of glass fibre post 
and luting cement to reduce  clinical failure 
 Use finite element simulation to predict the type of interfacial 
bonding failure 
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CHAPTER 2: LITERATURE REVIEW 
 
2.1: STRUCTURE OF TOOTH 
 
Teeth play an important role during the early stages of digestion, through 
mechanical digestion known as mastication. The main bulk of the tooth 
consists of dentine which is covered by enamel coronally and cementum on 
the surface of the root. There is a neurovascular bundle in the pulp space of 
the tooth.  The root of the tooth is attached to the alveolar bone with 
connective tissue known as periodontal ligament, which act as shock 
absorbers during mastication forces (Avery, 2006). 
 
2.1.1: Enamel 
 
Enamel is a highly mineralised tissue consisting of 96% by volume of 
inorganic material. It contains carbonated hydroxyapatite crystallites, coated 
with a nano thin layer of enamlin, which are preferentially packed creating a 
structure of enamel prisms (Fig 2.1). The prisms run perpendicular from the 
dentine- enamel junction to the surface of the tooth (Warshawsky, 1989). The 
cells which lay down the enamel are the ameloblasts. Once enamel is 
matured and mineralised these cells degenerate and not replaced. In other 
terms, natural enamel is a dead tissue, but it is permeable for ionic exchange 
between the enamel and oral environment.  The permeable surface also 
allows the exchange of fluoride ions into the surface making the tooth 
resistant to acid dissolution, which helps prevent dental caries (Ten Cate, 
1998). 
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Figure 2.1: SEM prism structure of hydroxyapatite crystallites in enamel 
(x2000), (Goes et al., 1998)) 
 
2.1.1.1: Properties of Enamel 
 
The highly orientated structure with high mineral content, results in 
anisotropic mechanical properties of enamel. It is an extremely hard material, 
which enables it to withstand high pressures and forces. The hardness is 
said to be comparable to mild steel. Enamel is brittle; it requires a resilient 
layer of dentine to maintain its integrity (Ten Cate, 1998). Xu et al., (2008) 
reported the Young‟s modulus of enamel in both longitudinal and occlusal 
surfaces to be 86GPa and 98GPa respectively. The microhardness in 
occlusal and longitudinal directions was 3.1GPa and 3.7GPa respectively. 
The study was carried out using Vickers indentation and scanning electron 
microscopy to demonstrate the anisotropic properties of enamel. 
 
2.1.2: Dentine 
 
Dentine is one of the most abundant dental tissues in the body formed by 
odontoblast cells through a process called dentinogenesis. Understanding 
the mechanical properties and structure of dentine is important in 
understanding the formation of dental caries, aging of tooth and its strength. 
Despite the critical importance of dentine and its interaction with dental 
materials, there have only been a few previous studies investigating the 
physical properties of dentine (Avery, 2006). Therefore making it difficult to 
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predict the behaviour of dentine with certain material types such as glass 
fibre reinforced composites. 
 
2.1.2.1: Microstructure of Dentine  
Dentine consists of closely packed dentinal tubules, which contain 
protoplasmic odontoblasts that extend ¾ from the pulp towards the enamel. 
The inner part of dentine consists of predentine forming the peripheral border 
of the pulp. The predentine is also where the cell bodies of the odontoblasts 
lie called the odontoblast layer.  Most of the tooth is formed of primary 
dentine; however the dentine near to enamel is known is mantle dentine 
because it more mineralised than the dentine near to the pulp. Another type 
of dentine is secondary dentine, which forms after the root dentine has 
formed. It is continually deposited by the odontoblast throughout life at a slow 
rate. This leads to the occlusion of the dentinal tubules and reduction in the 
pulp chamber. The inorganic and organic ratio is similar to that of the primary 
dentine, but structurally is more tubular and less regular. The continually 
deposition of secondary caries leads to the reduction in pulp chamber size. 
Tertiary dentine is a type of reparative dentine, which is deposited in respond 
to a stimulus such as anaerobic bacteria, this deposition helps in protecting 
the pulp from the stimuli (Ten Cate, 1998). 
 
The microstructure of dentine is hierarchical with several levels. The first 
level of dentine consists of 30% volume fraction of a hydrated matrix of type I 
collagen fibrils, which are approximately 50-100 nm in diameter (Fig 2.2). The 
collagen fibres are reinforced with approximately 50% volume of carbonate 
nanocrystalline apatite. This mineralised matrix is situated between the 
dentinal tubules and the pulp (Kinney et al., 1999). The collagen fibrils are 
randomly oriented perpendicular to the dentine tubules (Jones et al., 1984). 
Inside the dentinal tubules are the odontoblast processes whose cell bodies 
move inward during the formation of the crown. The density and the size of 
the tubules increase towards the pulp (Marshall, 1993). The mineral is 
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deposited within the collagen fibril scaffold, in both the intrafibrillar and 
extrafibrillar sites. The higher level is organised like a composite, where the 
intertubular dentine is like a matrix and the tubule lumen is like fibres, leasing 
to the suggestion that dentine is a form of a fibre reinforced composite. The 
tubules run from the dentine enamel junction to the pulp and from the 
cementum dentine junction to the pulp canal. The uniaxial orientation of the 
fibres may play an important role in determining the mechanical properties 
(Waters, 1980).  Therefore it can be implied that dentine exhibits anisotropic 
properties due to the orientation of the collagen fibres in relation to the 
dentinal tubules. 
 
2.1.2.2: Dentinal Tubules 
Dentinal tubules are microscopic tunnels which provide a pathway between 
the dentine-enamel junction and the pulp chamber. The tubules are 
approximately 1μm in diameter, which are surrounded by hypermineralised 
peritubular dentine approximately 0.5-1.0μm thick (Fig 2.2). The peritubular 
dentine is formed after the mineralisation of the matrix and is considered as a 
passive precipitation rather than an active part of the mineralisation process 
(Ten Cate, 1998).  The tubules consist of odontoblasts processes which have 
taken a tapered form (Fig 2.3). The odontoblast process is protoplasmic, 
filled with tissue fluid, which is intracellular and extracellular providing the 
dentine-enamel junction and the pulp a concentration gradient (Ciucchi et al., 
1995).  
 
 
 
 
Figure 2.2: Schematic representation of dentine microstructure 
Peritubular Dentine 
Intertubular 
Dentine 
Odontoblast 
Process 
1µm 
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The pressure gradient along the tubules of the fluid is essential as it acts as a 
shock absorber for the tooth by providing nerve deformation at the ends of 
pulp dentine interface. However in some cases the disturbance in the 
concentration gradient can lead to hypersensation of the dentine (Lui et al., 
1997). 
 
 
Figure 2.3: microstructure of dentine, showing the dentinal tubules in 
longitudinal direction from dentine- enamel junction (Berkovitz et al., 2002) 
 
2.1.2.3: Properties of Dentine 
The elastic properties of a composite material are dependent on its micro 
structural symmetry, and elastic constants. An isotropic material has two 
independent constants and an anisotropic material has nine independent 
constants. It has been shown that dentine is an anisotropic material with nine 
independent elastic constants (Kinney et al., 2003). So far, to date there have 
been numerous experimental techniques such as ultrasound, bending and 
indentation, to determine the Young‟s modulus (~18.6GPa) and poisson‟s 
ratio (0.31) of dentine (Kinney et al., 2003).  There has also been speculation 
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regarding the exact properties of dentine because of variation due to its 
viscoelastic response, known as stress relaxation, or an experimental error.  
Recently theoretical equations (Equ. 1) have been implemented for 
estimating the effects of tubule orientation on the elastic properties. 
Eel = cEpt    1 -    Al          + (2 – c)El + ᵧ(c,vl,vpt) 
 Apt + Al 
Eel = Young‟s Modulus of dentine 
c= Dentine tubule concentration 
Ei = Young‟s Modulus of Intertubular dentine 
Ept = Young‟s Modulus of Peritubular dentine 
Al = Area fraction intertubular dentine 
Apt = Area fraction of peritubular dentine 
γ= Clamping factor 
νl = Poisons ratio of Intertubular dentine 
νpt = Poisons ratio of Peritubular dentine 
Equation 1:  Equation to calculate the elastic properties of dentine tubules 
taken from Kinney et al., 1999 
From the equation it was derived that dentine is not isotropic but anisotropic. 
This equation is a representative for the „Rule of Mixtures‟ where the 
mathematical  expressions give come property of the composite in terms of 
quantity and orientation, which are based on a number of simplified 
assumptions. 
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The equation allows for estimating the effects of tubules orientation on the 
properties of the dentine. It can be suggested that the anisotropy of dentine is 
id due to the collagen fibre running perpendicular to the dentinal tubules. This 
alignment causes the dentine to be stiffer in the direction of the collagen 
fibrils (Kinney et al., 2003). On the other hand the dentinal tubules still have 
an important role in determining the properties of dentine. The dentinal 
tubules are associated with accommodating flexure by providing a damping 
effect when load is applied. 
 
2.1.3: Cementum 
 
Cementum is a covering for the root of a tooth. It is consists of 45% 
hydroxyapatite, 33% collagen and 22% water. It is softer than dentine and 
enamel. The cementum is a medium to which the periodontal ligament 
attaches to provide stability to the tooth. There are two types of cementum, 
acellular cementum, formed in the coronal 2/3 of the root, and a more 
permeable cellular cementum covering the apical 1/3 of the root (Ten Cate, 
1998). 
 
2.1.4: Pulp 
 
The pulp is sometimes known as the nerve (Fig 2.4), consisting of connective 
tissue containing blood vessels and nerves which are situated in the centre of 
the tooth. The pulp has many cell types such as fibroblasts, periodontoblasts, 
macrophages and T lymphocytes, providing a defence mechanism against 
infection. There are four zones in the pulp: 
 
1. Odontoblastic Zone: which is situated at the pulp periphery and 
continually lays down dentine and surrounded by predentine 
2. Cell Free Zone: which is situated underneath the odontoblastic zone 
3. Cell Rich Zone: which contains a high cell density such as defence 
cells 
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4. Pulp Core: which consists of blood vessels and nerve  
 
The function of dentinal pulp is to supply the surrounding mineralised tissue 
with moisture and nutrients.  It provides a sensory function, where it 
perceives pain when subjected to high temperature or trauma.  The pulp 
allows the formation of secondary dentine after the tooth has been attacked 
by caries via odontoblasts which are situated in the odontoblast layer at the 
pulp periphery (Ten Cate, 1998). 
 
Dental caries causes increase enamel porosity due to acid produced from 
plaque. Untreated dental caries can cause the surface of the enamel to 
cavitate allowing the infiltration of aerobic and anaerobic bacteria. This 
bacterium penetrates towards the pulp causing necrosis, known as pulpitis. 
This can lead to the pulp death, where the tooth becomes non vital. If the 
necrotic pulp is left untreated it can cause periapical abscess (Kidd et al., 
1996).  
 
Figure 2.4: Schematic diagram illustrating the cross section of human tooth 
(Avery 2006) 
 
2.1.5: Root Canals 
 
Root canals make up the cavity of the tooth, the number of canals in the 
tooth depend on position of the tooth. The incisors (anterior teeth) are single 
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rooted, therefore have only one canal. Whereas the upper premolars are 
double rooted with two canals, the lower premolars are single rooted with one 
root canal and the molars triple rooted with three canals (posterior teeth).  
The root canals consist of the pulp chamber, filled with vascularised and 
loose tissue known as the pulp (Ten Cate, 1998). 
 
2.1.6: Periodontal Ligament 
 
The periodontal ligament is a connective tissue composed of collagen type I 
fibres, which supports the tooth and helps it withstand compressive force 
generated during mastication. It is situated between the cementum covering 
the root and the socket wall in the jaw bone (alveolar bone) where the tooth 
is located. There are receptors with the periodontal ligament which are 
sensitive to tension in the ligament, which feed back to the brain the amount 
of force being applied through the opening and closing of the jaw. The 
periodontal ligament receptors also play a vital role in salivary secretion (Ten 
Cate, 1998).  
 
2.1.7: Structure of Tooth Summary 
 
Dentine has a complex microstructure which enables it to perform its role in 
the tooth structure. However the properties and their importance still need to 
be further investigated. Through reviewing existing literature is can be seen 
that the dentinal tubules and the collagen fibres play an important role in 
maintaining the physical properties of dentine, and the odontoblast layer and 
odontoblast process provide the biological properties. The dentinal tubules 
with age occlude due to the deposition of secondary dentine throughout life. 
The deposition of secondary dentine changes the mineral content of the 
dentine, which can lead to changes in the physical properties of dentine. 
These changes in microstructure and inorganic content can have a direct 
effect on chemical affinity of dentine and result in altered adhesion 
properties. There has limited investigation into the adhesion properties of 
aged dentine. It is important to understand the changes in the microstructure 
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of dentine because it will help in establishing further reasons relating to 
clinical failures of dental adhesives. 
 
2.2: ENDODONTIC TREATMENT 
 
Endodontic treatment and root canal therapy (RCT) are usually used 
synonymously for the procedure to remove the irreversibly damaged pulp. 
When the pulp becomes necrotic it cannot heal itself. It undergoes autolysis 
and releases breakdown products into the surrounding tissues which may 
result in periradicular irritation or abscess formation. The main purpose of 
RCT is to clean the root canal system and to shape it so that it can be filled 
with an appropriate material and the tooth can remain functional in the dental 
arch.  The procedure involves removing the tissue in the pulp chamber with a 
drill. The tissue in the canal is removed using endofiles. Once all the pulp is 
removed the canal chambers are cleaned with sodium hypochlorite solution 
to dissolve any remaining tissue or nerve and kill any residual bacteria.  The 
empty canals are then filled using restorative filling material, shown in Fig 2.5 
(Pitt Ford, 1997). 
 
Figure 2.5: Schematic illustrating the root canal therapy 
(http://en.wikipedia.org/wiki/Root_canal) 
 
2.2.1: Root Canal Filling Materials  
 
The root canal filling is the final stage of endodontic treatment. The filling 
needs to fill the empty root canal completely with a biocompatible and 
dimensionally stable sealing material. A complete and tight filled root canal 
prevents periapical bacterial microleakage into the root canal space. The 
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importance of a well filled root canal is to prevent reinfection and to create a 
homogeneous environment for the tissue healing process. Therefore a 
variety of root canal sealing materials have been developed to establish the 
right conditions for the healing of the tooth tissue. There are two material 
groups currently available: 
 
 Semisolid materials: They include acrylic, gutta percha and gutta 
percha composition cones. 
 Pastes:  In this category paste like materials such as zinc- oxide 
eugenol cements and sealers with various additives are included. 
(Schilder, 2006)  
 
2.2.1.1: Gutta Percha Points 
 
Gutta percha (GP) points are part of the semisolid root filling materials group. 
They are used for obturation of the prepared root canal, and are the most 
commonly used. It has composition of 70% of zinc oxide, 20 % gutta percha 
and 11% of metal sulphates and 3% wax and resin (plasticisers) (Friedman 
et al., 1975). It is extracted from Taban tree, as the dried resin and exists in 
two forms. 
 
 Alpha phase: the natural form 
 Beta phase: is formed when the alpha phase is heated and cooled and  
used for root canal filling points  
(Lee et al., 2002) 
 
The material can be softened or made into a type of plastic by heating or 
through organic solvents. Gutta percha points are: 
 
 biocompatible 
 Inert 
 dimensionally stable 
 non-allergenic,  
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 radiopaque  
 If required can easily be removed from root filling.   
 
However it does lack rigidity and can be easily displaced by pressure (Cohen 
and Burns, 1994). 
 
2.2.1.2: Endodontic Sealers 
Endodontic root canal sealers are dental cements. According to their 
constituents, they can be subdivided into three groups: (Lee et al., 2002)  
 
1. Medicated Sealers:  medicated sealers are formed of active 
ingredient paraformaldehyde, which is usually combined with a 
corticosteroid. 
 
2. Eugenol Sealers: contain zinc oxide eugenol cements modified for 
application as an endodontic sealer. The eugenol sealer is composed 
of a eugenol liquid and fine particle zinc oxide powder.  
 
3. Non-eugenol Sealers: contain a calcium hydroxide base instead of 
zinc oxide/eugenol, therefore are called non-eugenol sealers. Non 
eugenol sealers have a therapeutic effect, but there have not been 
much reported in the endodontic literature. There are various sealers 
which are included in this group: 
 
 AH+: an epoxy resin base with a bisphenoldiglycidyl ether liquid,  
 Polyketone: consisting of a fine powder and thick viscous liquid. 
 Glass ionomer: cement has been recently added to this group is a 
silicone polymer, with a relatively low toxicity. 
(Serene et al., 1992)  
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2.2.3: The effect of Endodontic Treatment on the Physical and 
Mechanical Properties of Teeth 
 
Endodontic treatment generally provides a good prognosis for teeth. But in 
most cases the tooth structure is considerably lost because of caries and 
endodontic treatment itself. Therefore it becomes necessary to restore the 
structure of tooth to provide normal function. The removal of the pulpal tissue 
and the loss of the tooth structure make the tooth brittle. This results in the 
easy fracturing of the tooth under mastication loads (Reeh, 1989). 
 
In previous studies (Rivera, 1993), it was thought that endodontically treated 
(ET) teeth became brittle due to the reduction in moisture and the collagen 
cross linking within the dentine changes. However, Hung et al., (1991) 
studied the physical and mechanical properties of human dentine of 
endodontically treated teeth and non endodontically treated teeth. In the 
study different levels of dentine hydration were compared. The results 
showed that dehydration and endodontic treatment of dentine did not cause 
degradation of physical or mechanical properties of dentine. Sedgely and 
Messer (1992) who tested twenty three endodontically treated teeth which 
were biomechanically prepared and averaging ten years of endodontic post 
treatment. The results were compared to their contra-lateral vital teeth, which 
showed similar properties except for a slight difference in hardness.  
 
Hence, literature on the effects of endodontic treatment on teeth concludes 
that endodontic treatment does not cause the tooth to become brittle. The 
failure of an endodontically treated tooth is associated with the significant 
loss of tooth structure. The loss of tooth structure is due to caries, which 
makes the tooth prone to fracture (Sedgley and Messer, 1992). 
 
2.2.4: Summary of Endodontic Treatment 
 
Endodontic treatment is important for saving a necrotic tooth. However the 
removal of the pulp from the tooth can mean that the dentine loses the 
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dentinal fluid pressure gradient. Therefore, further investigation into the role 
and the presence of the dentinal fluid pressure gradient and its importance 
needs to be established.  Also the removal of the fluid through endodontic 
treatment and how that affects the overall properties of dentine needs to be 
determined. 
 
2.3: POST AND CORE RESTORATION AND THEIR ROLE AFTER 
ENDODONTIC TREATMENT 
 
Dental post and core restoration is used for the build up of a tooth which has 
been damaged due to tooth decay and requires additional support to allow 
full function to be restored.  The post and core restoration is used to resort 
endodontically treated teeth (Assif et al., 1993). 
 
2.3.1: Ideal Properties of a Endodontic Post 
 
An ideal post is one which provides retention and support to the core of the 
tooth. The post system needs to be able to transfer and distribute the load in 
a manner to avoid point stress which can cause fracture of the tooth. 
 
Properties that should be possessed by an ideal post are: 
 Good retention to the core 
 Good support for the core  to prevent decementation of the crown 
 Even load distribution to prevent possible root fracture. 
(Asmussen et al., 1999) 
 
2.3.2: Post Placement Requirements 
 
The placement of a post is based on whether there is enough natural tooth 
structure remaining in order to retain a core post build up.  The post needs to 
be surrounded by at least 1mm of sound dentine to provide stability and 
retention (Fernandes et al., 2001). The remaining tooth needs to able to 
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support the final restoration after the caries have been removed and 
endodontic treatment completed. If this is not the case then the only option 
remaining is the extraction of the root (Schwartz and Robbins, 2004). 
 
2.3.2.1: Tooth Preparation for Post Placement 
 
After endodontic treatment has been performed on the tooth where the 
necrotic pulp has been removed and the root canal filled using gutta percha. 
A universal drill is used at a speed of 1000-2000 rpm to remove the root 
filling leaving a minimum of 4mm of filling at the apical of the tooth (Fig 2.6). 
Then using the drill piece appropriate to the post diameter that is required the 
canal is widened and shaped to accommodate the post during cementation. 
The correct sized and shaped post is then inserted into the canal and 
cemented using a luting cement. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Schematic representation of post prepared root canal 
 
The decision and requirements of post placement is also dependent on the 
type of tooth.  
 
 Molars: In most cases do not require posts placement because they 
have enough tooth structure and a larger pulp chamber to retain a 
core build-up. However if the tooth structure has been lost due to 
Root Dentine 
Widened Root Canal 
Root Apex 
4mm of Root Filing 
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caries, the post should be placed in largest and straightest root canal 
to prevent weakening of the small roots.  
 
 Premolars: On the other hand, premolars have less tooth structure 
left after endodontic treatment. They have a smaller pulp chambers to 
retain a core build up, therefore post placement is essential. The 
anatomical considerations during post placement are to avoid 
perforation of roots which are tapered or curved.  
(Morgano, 1995)  
 
 Anterior teeth: They are usually likely to lose their structure due to 
trauma rather than caries. If a post is required in the mandibular 
incisors, it should be taken with extreme care because of the thin root 
in the mesiodistal dimension.  (Cheung, 2005). 
 
2.3.3: Types of Posts 
 
There have been a number of post systems developed over time, which have 
either been successful or unsuccessful. There are two main types of posts 
according to their retention and properties. 
 
2.3.3.1: Active Posts Systems 
 
These posts provide primary retention by mechanically engaging to the walls 
of the root by using threads and being cemented with a luting cement. The 
luting cement is used to provide secondary retention creating a bacteria tight 
seal (Cohen et al., 1998). Active posts are produced using biocompatible 
metal can be further categorised into two sub groups. 
 
 Self Threading:   
 The post can be either tapered or parallel  
 The threads cut through the dentine when screwed 
forming counter threads (Fig 2.7). 
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 Pre-Tapped 
 Counter threads need to be prepared inside post space 
 Very retentive post 
 Have a higher number of threads on the parallel sided 
shaft (Fig 2.8). 
(Schwartz and Robbin, 2004)  
 
Figure 2.7: Self threading tapered post 
(http://www.nature.com/bdj/journal/v192/n6/fig_tab/4801365a_F19.html) 
 
Figure 2.8: Parallel, pre tapped post 
(http://www.nature.com/bdj/journal/v192/n6/fig_tab/4801365a_F19.html) 
 
Self thread posts are either parallel or tapered. The shaft of the post is 
relatively narrow in comparison to the post space, but with threads of a wider 
diameter. The post is screwed into the post space forming counter threads in 
the root dentine providing primary retention (Ricketts et al., 2005). 
 
Studies have shown that the tapered posts are more retentive than parallel 
posts, but a disadvantage is that they produce stress concentration on the 
shoulder of the root due to the wedge affect (Kasem, 1994).  Standlee et al., 
(1980, 1982) suggested that the stress concentration could be reduced by 
unscrewing the post half a turn, but this did not provide sufficient clinical 
improvement. Therefore this could not be applicable as a solution.  
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It has been reported in the literature (Brown and Mitchem, 1987, Cohen et 
al., 1998) that in order to overcome the problem of stress concentration at the 
shoulder of the root, a split in the apical part of a self thread parallel post 
could be incorporated into the system. The split closes and transforms into a 
taper when screwed into post space, this effect absorbs some of the stress. It 
was said to have superior retention than other post systems (Fig 2.9).  
However this post design did not eliminate stress concentration completely. 
The coronal part of the post does not have a split and this generates a high 
stress concentration at the neck of the root, this is also where the highest 
strain level has been recorded (Ross et al., 1991).  
 
 
 
 
 
 
 
 
 
 
  (a) (b) 
Figure 2.9: Schematic representation of the self thread split post a) before 
insertion b) after insertion into prepared root canal 
 
Pre- Tapped thread posts are more retentive than self thread posts, due to 
the high number of threads around the parallel side of the shaft.  The post 
space is prepared using a thread cutter to form counter threads. The root 
face is flattened to provide support for the head of the post. This provides 
high level of retention once it has been cemented into place resulting in lower 
stress concentration under mastication loads (Standlee et al., 1980).  
However this procedure does subject the biological tissue with high levels of 
stress, which leads to damaging the microstructure of the dentine matrix.The 
post is screwed into the post space, but the high number of threads and the 
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non vented feature of the post produce high levels of strain during insertion. 
To avoid this, the post is screwed at a slow speed to allow the strain to 
dissipate, but this does not completely eliminate the generation of stress 
around the post and surrounding dentine (Ross et al., 1991).  
 
2.3.3.2: Passive Post Systems 
 
Passive posts are unthreaded and rely on retention by fitting into close 
proximity to post space walls. The effect provides no force transfer to 
surrounding root. They primarily rely on luting cements for retention with 
surrounding root dentine. They can either be prefabricated or cast into 
parallel sided or tapered posts (Cohen et al., 2003). 
 
Both active and passive posts can either be: 
 Cast  
 Preformed  
 
2.3.3.3: Customised Cast Metal Posts and Cores 
 
Traditionally cast metals posts were introduced as a support for building up 
the tooth structure. They are cast into smooth sided tapered posts in relation 
to the tapered root shape. The tapered shape reduces risk of post perforation 
of the root apex, which has been a problem for parallel sided posts. The 
reason for the reduced number of failures is due to the tapered post being 
able to produce a snug fit into the prepared canal (Mentink et al., 2007). 
However it was seen that these posts caused large number of root fractures, 
which resulted in the extraction of the tooth.  The main reason for the post to 
failure was due its stiffness, which is greater than that of dentine. The 
incompatible stiffness produced high levels of stress concentration around 
the apex of the root and the cervical margin between the tooth and the 
gingival margin (Morgano and Milot, 1993). 
 
The problems associated with the metal cast posts are: 
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 Cast post exhibit less retention and are associated with higher failure 
rates compared to parallel sided posts.  
 The tapered smooth sided posts have a wedging effect which leads to 
increased risk of root fracture.  
 They are time consuming to produce leading to high laboratory cost.  
(Mentink et al., 2007)  
  The casting may produce porosities which can result in increased risk 
of root fracture (Ryther et al., 1992).   
 The expansion and shrinkage of investment material during casting 
can alter the dimensions of the final post (Craig, 2002).  
 The dimensional inaccuracies can result in poor seating of post 
producing marginal gaps leading to losing of post and micro leakage 
(Sorensen and Martinoff, 1984).  
 
The disadvantages associated with cast post and core systems have resulted 
in the popularity of preformed post systems. 
 
Preformed posts are passive and tapered which make them self venting. 
When the tapered post is placed into the post space with the luting cement 
the excess cement escapes leaving a snug fit (Mendoza et al., 1997). 
 
Parallel sided posts on the other hand are not self venting. Its ability not to 
self vent causes hydrostatic pressure when cemented into the post space. 
Therefore it becomes necessary to vent these posts to enable the cement to 
escape and to allow the post to be seated completely (Ross et al., 1991). 
 
2.3.4: Summary of Post and Core Restorations 
 
After reviewing the difference between the self thread and pre tapped active 
post systems, it has been established that both types of post systems 
produce high levels of stress concentration within the tooth structure leading 
to premature failure. However on the other hand the passive post systems 
are more suitable. The passive post systems do not require threading which 
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means they eliminate the problem associated with stress build up through 
screwing the post into the root canal.  
 
2.4: POST MATERIALS 
 
There are many materials used for post fabrication which have been 
developed to keep within similar properties as human tooth dentine, such as 
stiffness, modulus, biocompatibility. Some of the most commonly used 
materials are shown in Table 2.1, along with their advantages and 
disadvantages. 
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Table 2.1: Advantages and Disadvantages of Endodontic Post 
Fabrication Materials 
MATERIAL ADVANTAGES DISADVANTAGES 
Metals Stainless 
Steel 
Commonly Used High Modulus (200 GPa) 
Potential of root fracture 
Nickel Sensitivity/Corrosion 
Non aesthetic  
Titanium biocompatible 
Less corrosive 
Low fracture strength 
Non aesthetic 
Ceramics All Ceramics Biocompatible 
High flexural strength 
High fracture 
toughness 
Poor resin bonding to 
dentine 
High Modulus 
Zirconia Same as all ceramics 
More aesthetics 
Brittle 
 
Glass 
Fibre 
Reinforced 
Polymers 
Carbon 
Fibre 
Retention, mechanical 
properties, 
biocompatibility  
Good bonding 
Modulus higher than dentine  
Black not aesthetically 
Glass Fibre: 
E Glass 
S Glass 
Translucent colour 
Good load distribution 
 light transmission  
Elastic modulus 
(~40GPa)  
Poor damage tolerance 
 
2.4.1: Metal Posts 
 
Commonly used metals used for post fabrication are listed in Table 2.1.  Most 
traditional is stainless steel which has been used for a long period. However 
there are many disadvantages associated with stainless steel posts, such as 
it contains nickel to which some patients may be allergic and it is highly 
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corrosive due to being exposed to a moist oral environment (Mentink et al., 
2007). 
 
Titanium is also used as it is more biocompatible than conventional metal 
posts. It has lower stiffness as compared to other alloys and it also less 
corrosive.  The main disadvantages of titanium are that it has lower fracture 
strength which means that it is highly prone to fracture during incision or 
removal from post space. Cormier et al., (2004) investigated the fracture 
resistance of three post systems fibre, ceramic and conventional metal posts. 
The results showed that titanium post and core systems were least fracture 
resistant.  
 
Metal posts in general have a high modulus compared to human dentine. 
The higher stiffness of the post leads to non uniform load transfer, where 
most of the load is transferred to the post resulting in root fracture due to 
stress shielding. Metal posts are also aesthetically less pleasing as they are 
greyish in appearance. These significant disadvantages of metal post lead to 
the development of both ceramic and fibre reinforced polymer post systems 
to eliminate the associated problems (Heydecke et al., 2001). 
 
2.4.2: Ceramics Post 
 
These posts systems have recently been developed for the purpose of 
overcoming poor aesthetics of metal posts; but there has been limited 
amount of research carried out on the long term durability of ceramic post 
systems. They are biocompatible with high fracture toughness, flexural 
strength and aesthetically pleasing (Ichikawa et al., 1992). However, there 
are several disadvantages associated with these types of ceramic post 
systems. A study by Dietschi et al., (1997), which compared fatigue testing of 
ceramic posts system, found that the ceramic posts have a poor resin 
bonding capability to dentine. 
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The main ceramic material that is used for endodontic posts systems is 
zirconium oxide, and inserted into the root canal and bonded using luting 
cements. The main disadvantages associated with ceramic posts are: 
 
 They are brittle and when subjected to shear forces the fracture 
 Cannot be repaired after fracturing 
 Modulus higher than dentine, thus causing stress concentration at root 
(Perdigao et al., 2004) 
 
2.4.3: Composite Posts  
 
Recently pre fabricated non metallic fibre reinforced composite posts have 
been introduced. They have biomechanical properties close to that of dentine 
for the replacement of traditional metal post systems (Duret et al., 1990). 
Materials commonly used for pre fabricated posts are carbon, quartz and 
glass fibres. The fibres are embedded in a resin matrix normally epoxy resin. 
The fibres are approximately 7-10 μm in diameter and available in 
longitudinal direction (Hedlund et al., 2003). The reasons for the use of fibre 
reinforced post systems are due to: 
 
1. Materials used correspond to the mechanical properties of human 
dentine. 
2. To improve aesthetics. 
3. To cement the posts with a luting adhesive by avoiding friction 
between the post and root canal walls of the tooth. 
(Martinez-Insua et al., 1998, Torjoner et al., 1995)  
 
2.4.3.1: Advantages of Fibre Reinforced Post Systems 
 
Main advantages related to fibre posts are: 
 They have lower mechanical properties than metal cast post systems; 
they also have a flexural modulus close to human dentine, which 
decreases the incident of root fracture. 
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 In case of failure of endodontic treatment it can easily be removed and 
easily restorable. 
 They are biocompatible. 
 They offer good aesthetics. 
 They are able to bond with most resin cements and resin based 
composite materials.   
(Newman et al., 2003, Sirimai et al., 1999)  
 
2.4.3.2: Fibre Orientation and Material Properties 
 
Fibre reinforced materials can be anisotropic, as their strength and stiffness 
depends on the orientation of the fibres.  Unidirectional longitudinal fibre 
reinforced materials exert stress along the direction of the fibres, therefore 
increasing the amount of stress the fibres can withstand.  It can be exhibited 
that unidirectional glass fibres have significantly greater strength than a 
bidirectional fibres (Karacaer et al., 2003).  
 
The fibre orientations also have an effect on the thermal behaviour of the 
material. The thermal coefficient varies according to the direction of the fibres 
(Craft and Cristensen, 1981). This has clinical significance in situations like 
adhesion of veneering composite on the fibre reinforced framework of the 
fixed partial denture or the adhesion of the fibre reinforced composites 
appliance to the tooth substance (Kallio et al., 2001). The distribution of fibres 
within the matrix exhibits different properties. These fibres can either be 
evenly distributed or are located in a specific zone.  Equally distributed, fibres 
enhance the fatigue resistance and fibres located at one place can increase 
the stiffness and strength (Narva et al., 2004). 
 
All these fibres are classified on the bases of their: 
 adhesion, 
 non impregnation 
 impregnation with coupling agents 
(Ottl et al., 2002)  
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 Quantity of Fibres: 
 
The relationship between the quantity of fibre and the polymeric matrix has 
been demonstrated by numerous studies (Vallittu et al., 2004, Lassila et al., 
2005). When there is an increase in quantity of fibre, there is an increase in 
flexural strength. Quantity of fibres should be defined by volume not in weight 
percentage. The formula to obtain the volume of glass fibres is: 
 
Where,  
Vf    = volume of fibres,  
Wf   = weight proportion of fibres,  
ρf    = density of fibres,  
Wr =   weight proportion of resin  
 ρr    = density of resin 
(Behr et al., 2000)  
 
Generally the volume fraction of fibres are high, up to 60 volume%, however, 
in dentistry fibre fraction is relatively low. The reason is due to the fact fibres 
should be covered with a layer of unfilled polymer or with a layer of 
particulate filler composite (Lassila et al., 2004). 
 
 Mechanical Properties of Fibre Reinforced Materials: 
 
During the last few years various mechanical properties have been reported 
and it has been shown that a lot of data has been collected, which helps to 
form the basis for so called “evidence based therapy” (Ottl et al., 2002). 
 
Mechanical properties of these polymer base materials have two facets: 
 Wf / ρf + Wr / ρr  
 
 
       Wf / ρf 
Wf / ρf 
 
 
Vf = 
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 Related to the macroscopic behaviour 
 Related to the molecular behaviour which includes chemical 
composition and physical structure  
(Lassila et al., 2005)  
 
The mechanical properties of fibre reinforced composite materials are 
influenced by factors such as: 
 Fibre orientation 
 Volume of fibres 
 Adhesion of fibres to matrix polymer 
 Properties of fibres against that of matrix 
 Impregnation of fibres in polymer matrix 
(Behr et al., 2000)  
 
The fibres that are used in most dental applications, are usually 
unidirectionally, but can also be bi or multidirectionally orientated (Behr et al., 
2000). The quantity of fibre in the polymer matrix increases the flexural, 
transverse and impact strength of fibre reinforced material. The flexural 
strength has been investigated by Asmussen et al., (1999), who showed that 
it increased linearly with the increase in fibre quantity and fibre orientation in 
the polymer matrix. 
 
The success of the fibre reinforcement is evaluated when the loading forces 
can be transferred from the matrix to the fibre (Behr et al., 2000). The degree 
of impregnation of fibre- reinforcements affects properties of fibre reinforced 
composites. The impregnation is effective only when the reinforced polymer 
is in contact with the surface of every fibre throughout the whole fibre 
reinforced composite. Incomplete impregnation leads to the formation of 
voids in the polymer matrix. These voids can have deleterious effects on the 
properties such as:  
 
 Reducing the mechanical properties; flexural strength and modulus.  
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 Increasing the water sorption affecting the long-term stability in the 
aqueous environment like oral cavity.  
 Leading to hydrolytic degradation of polysiloxne network further 
reducing the mechanical properties. 
 Discolouration due to penetration of oral microbes into the voids 
caused by poor impregnation.  
 Act as oxygen reserves which allow oxygen to inhibit radical 
polymerization of the used acrylic resin. 
(Lastumaki et al., 2003)  
 
 Compositional Content of Glass Fibre Reinforced Composites: 
 
The compositional content of alkali, earth-alkali ions are important in glass 
fibre reinforced composites. The corrosion of glass surface is minimized by 
the correct treatment of the glass fibre.  When the fibres have been poorly 
impregnated, oxygen reserves inhibit radical polymerization of the polymer 
matrix, leading to a decrease in strength of the glass reinforced composite 
and increasing the residual monomers. This is where Pre-impregnated (Pre-
preg) fibre reinforced composites have been used to overcome the problem.  
Pre impregnation is when the glass fibres are covered with silane coupling 
agent and then pulled through convoluted paths around support and activate 
with light or used heat curable monomer system of polymer (Behr et al., 
2000) . 
 
2.4.3.3: Types of Fibres 
 
There are three main types of glass fibres used in endodontic post systems: 
 
 Electrical Glass (E-Glass): most common, economical, with tensile 
strength and elastic modulus of these fibres is 3400MPa and 73GPa 
respectively (Meric et al., 2005). 
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 Silica Glass (S-Glass): Silica-glasses are also amorphous, but differ in 
composition compared to E glass as they have a higher modulus and 
greater resistance to plastic deformation in comparison to E glass 
(Vallittu, 1998). The tensile strength is typically 800MPa and modulus 
of elasticity is 66GPa. Silica oxide, aluminium oxide and magnesium 
oxide are higher in content than E-glass, but they have minor quantity 
of alkali and earth alkali ions (Meric et al., 2005). 
 
 Quartz Fibre: is pure silica in crystalline form and an inert material with 
a low coefficient of thermal expansion, which is also used to form 
glass fibres (Vallittu et al., 2004). 
 
2.4.3.4: Adhesion of Fibres to Polymer Matrix 
 
The enhancement of reliable adhesion between glass fibres and polymer 
matrix could be obtained with silane coupling agent (Behr et al., 2000).  A 
study by Rosentritt et al., (2001), reported that a condensation reaction 
between silanol group and an inorganic molecule such as glass fibre results 
in an additional increase in bonding strength and less water sorption. The 
adhesion between the matrix and the glass fibre can also be further 
enhanced by the formation of an interpenetrating polymer network (IPN) layer 
between the matrix and the glass fibre. IPN structure was formed from linear 
polymer sizing, which is dissolved by bi- or multifunctional acrylate 
monomers of the matrix.  The complete IPN interphase between the glass 
fibre and cross-linked matrix increased the flexural strength of material 
(Vakiparta et al., 2004). The strength of the fibre reinforced composite is 
dependent on the adhesion between the fibres and resin matrix. Without 
adequate adhesion the fibres acts as an inclusion in the matrix, which 
weakens the composite (Lassila et al., 2004). 
 
The chemical composition of resin matrix plays an important role in the water 
sorption behaviour of fibre reinforced composite. This affects the long-term 
48 
 
mechanical stability of the restorations and the bonding properties in the oral 
cavity. When the water is absorbed by diffusion into the methacrylate resin 
system it acts as a plasticizer and causes reduction in strength of the 
material (Behr et al., 2000, Lassila et al., 2005).  
 
There are two types of semi-IPNs are available for dental use:  
 
 Impregnation of Fibres with Polymer Matrix:  
 
Fibres reinforcement is effective only when the load can be transferred from 
the matrix to the reinforcing phase. This can be achieved only when the 
fibres are fully bonded to the matrix and in dental composites this is normally 
known as impregnation (Lastumaki et al., 2003).  Good adhesion can restrict 
the water sorption (Behr et al., 2000). The pre-impregnation of the fibres not 
only affects the degree of impregnation, but it also affects the adhesive 
properties of the finally polymerized fibre reinforced composite. If the fibres 
are pre-impregnated with a light polymerizable bifunctional acrylate or 
methacrylate monomers the polymer matrix is highly cross-linked in nature. 
The bond between the polymerized resins can be based on free radical 
polymerization. When fibres are pre-impregnated with PMMA and further 
impregnated with bifunctional methacrylate, the bonding of FRC to composite 
is based on free radical polymerization and on interdiffusion of the monomers 
of the new resin. 
 
In dentistry semi-interpenetrating polymer networks (semi-IPN) have been 
used containing linear polymer and the cross-linked polymer, but they are not 
bond chemically together as a single network. Low degree of impregnation 
can cause discoloration due to the penetration of oral microbes into the 
poorly impregnated FRC (Lastumaki et al., 2003). 
 
 Pre – Impregnated Fibre Reinforced Composites: 
 
The mechanical properties of fibre reinforced composites and the problems 
associated with incomplete impregnation were improved by the introduction 
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of pre-impregnated fibre reinforced composites (Behr et al., 2000). The fibres 
are pre- impregnated either with a polymer, a monomer or a combination of 
both. The pre-impregnation of the fibres also affects the adhesive properties 
(Lasumaki et al., 2003). In pre-impregnation the glass fibres are surface 
treated with a silane coupling agent. They are then pulled through convoluted 
paths around supports with a bath of light or heat curable monomer systems 
of polymers (Goldberg & Burstone, 1992). The pre-impregnation is based on 
the use of the following monomers (Vallittu, 1999, Kallio et al., 2001):  
 
 photopolymerizable dimethacrylate monomer resin only or  
 dimethacrylate monomer resin and linear polymer, which forms a semi 
interpenetrating polymer network (semi-IPN) after being polymerized  
 
The combination of dimethacrylate monomer resin and linear polymer system 
is based on the impregnation of E-glass fibres with photopolymerizable semi-
IPN resin of polymethylmethacrylate (PMMA)-bisGMA resin combination 
(Kallio et al., 2001). The semi-IPN polymer matrix contains a highly viscous 
resin than the dimethacrylate system. This improves the handling properties 
of the FRC and the adhesive properties of the veneering composite and 
luting resin cements to the fibre reinforced composites (Lastumaki et al., 
2003). 
 
2.4.3.5: Carbon Fibre Reinforced Posts 
 
The earliest types of pre fabricated posts were made of carbon fibre. These 
posts are fabricated from continuous, unidirectional carbon fibres embedded 
in an epoxy resin matrix, where the core is normally built using a resin 
composite. The post is cemented into the root using resin composite luting 
adhesive.  The mechanical properties have been reported to similar to 
human dentine, along with superior biocompatibility and retention compared 
to traditional metal cast post systems (Mannocci et al., 1999, Hedlund et al., 
2003). 
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The advantages of carbon fibre posts systems are: 
 They have a modulus close to dentine; this results in less stress 
concentration leading to increased longevity of restoration. 
 They have modulus lower than metal posts, but still higher than 
dentine. 
 They have a homogenous mechanical and chemical bonding to all 
components which reinforce the tooth.  
(Giovanni et al., 1997)  
 
However the main disadvantages of carbon fibre posts are that they are 
black in colour which results in poor aesthetics (Vallittu et al., 2004).  
 
2.4.3.6:  Glass Fibre Reinforced Posts 
 
Glass fibre reinforced posts were developed in 1992 to overcome the 
aesthetic problems associated with carbon fibre reinforced posts systems. 
Glass fibres are amorphous, homogenous and structurally a three 
dimensional network of unidirectional silica fibres embedded in epoxy resin 
matrix, arranged randomly in a highly crosslinked structure.  They are 
translucent or white in appearance which makes them desirable for cosmetic 
reasons (Goldberg and Burstone, 1992). Some of the main advantages 
associated with glass fibre reinforced posts are: 
 
 The large number of glass fibres presents the post with a large surface 
area, allowing large stress distribution. Therefore increase their 
threshold to withstand high loads (Pest et al., 2002). 
 They increase the transmission of light within the root and the 
surrounding dental tissue. 
 They have a similar modulus (~40GPa) of elasticity to dentine 
(~14.2GPa).  The post mimics the flexion of dentine and act as a 
shock absorber, thus transmitting a very small fraction of forces to the 
root dentine walls. 
(Artopoulo et al., 2006)  
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2.4.3.4: Microstructure of Glass Fibre Post Systems 
 
The reinforced glass fibre is a heterogeneous material composed of 
reinforced fibre, filler and matrix resin mainly consisting of: 
 Fibres (E-glass fibre) 
 Polymethylmethacrylate (PMMA) 
 Bisphenol A-glycidyl dimethacrylate ( Bis-GMA) 
(Tanimoto et al., 2004)  
 
The fibre reinforced post is composed of densely packed silanated glass 
fibres (E-glass; SiO2 55%, CaO 15%, Al2O3 15%, B2O3 6%, MgO .5%, Fe + 
Na + K 1.0%). The bisphenol A-glycidyl dimethacrylate (Bis-GMA) matrix is 
reinforced with PMMA fibres and encapsulated by a PMMA layer (Tezvergil 
et al., 2005) as shown in Fig 2.10. 
 
 
 
 
 
 
 
 
     BIS GMA    PMMA       Fibre           
 
Figure 2.10: Schematic illustration of fibres arranged within the resin matrix 
(redrawn from http://www.preat.com/everstick.htm) 
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The pre-impregnation of the fibres with the light polymerisable resin 
influences the properties of composites. The pre-impregnation is based on 
using either light cure dimethacrylate monomer resin only, or on using a 
combination of dimethacrylate resin and linear polymer, which forms semi-
interpenetrating polymer network (semi-IPN) after polymerisation (Tezvergil 
et al., 2005). 
 
The Everstick® fibre post is used as a customised fibre post. It is packed into 
the prepared root canal and light cured. The Everstick® post also has a 
modulus of elasticity close to dentine, which makes it a flexible material. A 
study by Lassilla et al., (2004) showed that Everstick® had the highest 
flexural strength compared to ParaPost® and several other glass fibre posts. 
Bell et al., (2005), investigated the adhesive failure of a dual cure resin 
composite adhesive. The combination of the cement with Everstick® post 
showed the highest bond strength in comparison to carbon post and 
ParaPost®. RelyX™ Unicem adhesive has shown higher bond strength when 
bonded to Everstick® fibre post (Kallio et al., 2001). 
 
From the results of AquaCem® luting cement with Everstick® fibre post it can 
be suggested that glass ionomer cements should not be used to cement 
customized fibre post (Wong et al., 2008). The Everstick® post is 
interpenetrating polymer network (IPN), which is polymethylmethacrylate 
(PMMA). The acid based reaction of the glass ionomer cements do not 
provide any stability to the polymer network of the post, resulting in poor 
chemical bonding. Instead the acid based reaction may cause poor chemical 
affinity due to the byproducts of the reaction altering the IPN stability 
(Hosada, 1993).  
 
2.4.4: Summary of Post Materials 
 
Many studies have shown that metal posts are not suitable as endodontic 
post materials due to high levels of stiffness, corrosion, weak bonding with 
luting cement leading to clinical failure. Therefore the use of metal posts 
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should not be considered as first choice. However, materials such as glass 
fibre reinforced composites provide a better clinical outcome due their good 
flexural strength, lower stiffness, good resistance to fatigue and properties 
close to dentine. The most promising material which is currently being used 
is the customized glass fibre reinforced interpenetrating network post 
systems. These exhibit good bonding with luting cements and fulfill the 
required properties such as low modulus, good flexural strength, good 
bonding interface that an endodontic post requires. 
 
2.5: DENTAL ADHESIVES 
 
Dentistry mainly deals with the repair and treatment of the teeth to provide 
proper function and good aesthetics by using restorations. There are two 
main areas within dentistry that require adhesives: 
 Orthodontics  
 Restorations  
 
The reasons for using adhesives in clinical dentistry are: 
 They bond well to the tooth to prevent microleakage between the 
restoration and the tooth.  
 They prevent secondary caries which can result from the metabolic 
activities of the bacteria. 
 They allow less removal of the sound tooth structure prior to their 
placement and do not further weaken the tooth. 
(Nicholson, 1998)  
 
2.5.1: Dental luting cements  
 
Some dental restorations such as veeners, posts and crowns require the use 
of dental luting cements to adhere them to the tooth structure. A luting agent 
is a mouldable substance to seal a space or to cement two components 
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together (Anusavice. 2003). The requirements of the luting cements differ 
according to the application and have the following properties:  
 
 Resistance to dissolution in the oral environment 
 Good bonding through mechanical interlocking and adhesion 
 High strength in tension, shear and compression and good fracture 
toughness 
 Good manipulation properties- handling 
 Biocompatibility   (O‟Brien, 2002)  
 
Currently there are five luting cements commercially available and used most 
commonly, listed in Table 2.2. 
 
Table 2.2 : Dental Luting Cements 
(Craig. 2006) 
 
2.6.1.1: Zinc Phosphate Cement 
 
Traditional cements used for luting purposes, are available as powder and 
liquid (Table 2.2). The setting of the cement is by acid-base reaction, when 
the powder is mixed with the liquid, the phosphoric acid attacks the surface of 
Cement Powder Liquid 
Zinc Phosphate Zinc oxide (90%) 
Magnesium oxide (10%) 
Phosphoric acid 
Water 
Glass Ionomer Cement fluoroaluminosilicate glass Polyalkenonic Acid 
Resin Modified Glass 
Ionomer cement 
fluoroaluminosilicate glass Polyacrylic acid modified 
with hyroxyethyl 
methacrylate (HEMA) 
Polycarboxylate 
Cement 
Zinc oxide 
Magnesium oxide 
polyacrylic acid 
Composite Resin 
Cement 
fluoroaluminosilicate glass  
Initiators for light or 
chemical curing 
Water/ polyacrylic acid/ 
hyroxyethyl methacrylate 
(HEMA) 
55 
 
the powder particles and releases zinc ions into liquid. The set cement 
consists of a cored structure consisting of unreacted zinc oxide particles 
embedded in a cohesive amorphous matrix of zinc aluminophosphate 
(Annusavice, 2003). 
 
When the cement is properly mixed the compressive and tensile strengths 
are adequate to resist masticatory stress. As the strength of the cement is 
directly proportional to powder : liquid ratios i.e. higher the powder ratio 
higher the strength (Craig and Powers, 2006).  The set cement has a high 
modulus of elasticity enabling the cement to resist elastic deformation in 
regions of high masticatory stresses (Annusavice, 2003). The main form of 
bonding  is through mechanical retention with substrate and does not exhibit 
any chemically bonding. Its success is dependent on the taper, length, and 
surface area of the tooth preparation (Oilo and Jorgensen. 1978).  
 
Zinc phosphate cements are highly prone to microleakage because of its 
inability to resist dissolution in the oral cavity leading to an initial low setting 
strength and reducing its biocompatibility (Phillips et al., 1987, Charlton et al., 
1991). They are most suitable to be used for luting well-fitting restorations 
(Ana et al., 1999). 
 
2.6.1.2: Glass Ionomer Cements 
 
Glass ionomer cements were developed in the 1960‟s by Wilson and Kent. 
They are currently used as one of the alternatives to amalgam restoratives as 
a tooth coloured restorative cement, as they are more aesthetically pleasing. 
They may also be used as dental luting cement because they have several 
advantages compared to zinc phosphate cements which had been used for 
crown cementation previously. They have the ability to release fluoride, which 
provides anticariogenic effects. They have good biocompatibility and 
chemically bond to teeth (Davidson and Mjor, 1999). 
 
Additional uses include fissure sealers and sealers in endodontics. The 
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cement has also become more popular as orthodontic band cement due to its 
ability to reduce demineralisation of enamel by means of fluoride release 
(Craig & Powers, 2002).  
 
Glass ionomer cements are a product of an acid-base reaction between an 
ion- leachable glass usually based as fluoroaluminosilicates and a poly acid 
such as polycyclic acid in the presence of water (Table 2.2).  The two 
constituents of the glass ionomer cement are generally a glass powder and 
liquid which is commonly the acid. The powder consists of ion leachable 
calcium fluoroaluminiumosilicate glass. 
 
The acid reacts with the glass extracting the ions from the surface of the 
glass (Craig and Powers, 2002). The acid in solution attacks the glass 
powder particles; this leads to the outer surface of the glass particles 
dissolving. This releases ions including calcium, strontium, aluminium that 
will be involved in the overall reaction. The ions released combine with the 
carboxylate groups of the acid to form a polyacid salt matrix. Other ions such 
as sodium and fluoride are released but take no part in the matrix formation 
and reside within the matrix. 
 
FLUOROALUMINOSILICATE GLASS + POLYALKENOIC ACID 
(Base)                                         (Acid) 
 
POLYACID MATRIX + WATER 
(Salt) 
 
The surface of the treated glass is an ion depleted zone primarily of residual 
silica. The ion depleted zone lies between the matrix and the core of the 
glass particles. It contains those ions which are not lost in the dissolution 
process and appears at the glass surface, together with other ions which 
have gone into solution (Davidson and Mjor, 1999). 
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2.5.1.3: Polycarboxylate Cement 
 
Polycarboxylate cement was first introduced in 1960s and consists of powder 
and liquid in Table 2.2. The setting between the powder and liquid is a fast 
acid based reaction producing a rapid increase in viscosity, which can impair 
the proper seating of the prostheses. They have lower compressive strength 
than zinc phosphate cement but higher tensile strength. They adhere to the 
tooth structure chemically through the interaction of free carboxylic acid 
groups with calcium in the tooth. They have a similar degree of marginal 
leakage as zinc phosphate cements (White, 1993). 
 
Polycarboxylate cement has been reported to exhibit interfacial adhesive 
failure at the cement-metal interface, despite chemical bonding between the 
interfaces. Where it has shown not to be used in regions of high masticatory 
stresses or in the cementation of long span prostheses, because it has 
higher plastic deformation after hardening compared to zinc phosphate 
cements (Oilo, 1991). In some formulations stannous fluoride is present but 
its release of fluoride ion is much less when compared with glass ionomer 
cement (Swartz and Phillips, 1984).  
 
The major clinical advantages of polycarboxylate cements are their 
biocompatibility with the dental pulp. It is assumed that due to a rapid rise in 
pH after mixing and/or lack of tubular penetration from the large and poorly 
dissociated polyacrylic acid molecule results in less affect to the pulp. They 
are hydrophilic and wet dentinal surfaces completely. The cementation of 
restorative single metal bridge units in low stress areas on sensitive teeth is 
where it should be mainly used (Charlton et al., 1991). 
 
2.5.1.4: Resin-Modified Glass Ionomer Cement  
 
The polyacrylic acid of conventional GIC is replaced with hydrophilic 
monomer, a light-curable or chemical- curable material, which forms Resin-
modified GIC or Hybrid ionomer cement. It is available as powder and liquid 
Table 2.2. The initial setting takes place by polymerisation of methacrylate 
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groups and then the slow acid-base reaction setting the cement (Annusavice, 
2003). 
 
Resin modified glass ionomer cements have physical properties greater than 
zinc phosphate, polycarboxylate, and some glass ionomer cements, but less 
than resin composite (White, 1993). They adhere well to both enamel and 
dentine, and release fluoride in a similar pattern as glass ionomer cements 
(Verbeeck et al., 1998).  
 
Resin modified glass ionomer cements exhibit more resistant to moisture and 
are less soluble than glass ionomers (Wilson, 1990).  Although resin has 
been added to decrease the dehydration of the glass ionomer component, 
but dehydration shrinkage has still been observed as late as three months 
after maturity. A significant disadvantage of these cements is the hydrophilic 
nature of poly (HEMA), which results in increased water sorption causing 
plasticity, expansion and dimensional change (Verbeeck et al., 1998).  
 
There has been a pilot study by Saunders et al., (2007); to investigate resin 
based glass ionomer cements as endodontic root sealers in place of 
conventional zinc oxide eugenol. The results of the study show that the bond 
strength of resin based glass ionomer was not significantly different from that 
of zinc oxide eugenol. However it was revealed that fluoride concentration 
within the dentine increased, especially in the coronal part of the root canal. 
Therefore, they concluded that resin based glass ionomer cements have 
potential of being endodontic root sealers. 
 
It is recommended that resin modified GIC should be used for luting metal or 
porcelain crown restorations, but their use in cementing posts in non vital 
teeth is still questionable because of the potential for expansion-induced root 
fracture. There are also some concerns regarding biocompatibility due to the 
presence of free monomer in the liquid (Bouillaguet et al., 2003). 
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2.5.1.5: Composite Resin Cement 
 
To improve the mechanical properties of conventional composite resin 
restorative materials, fibre-reinforced composites have been introduced. The 
fibres have shown better adhesion to the resin matrix by means of a coupling 
agent, thus better mechanical properties than conventional composite resin 
materials. In addition, glass fibres can be used as fillers in FRCs to provide 
translucent colour in areas with high aesthetic demands.The development of 
resin pre impregnated FRCs, their clinical applications have been increased 
(Lassila et al., 2005). 
 
Fibre Reinforced Composites are most widely used for repair in areas which 
demand high aesthetic outcomes. They are made of bulky difunctional 
monomers, usually BisGMA. BisGMA is derived from bisphenol A and methyl 
methacrylate. Composite resin cements have two terminal double bonds 
which can undergo addition polymerisation. The major problem associated 
with BisGMA is its high viscosity at room temperature. Diluents are used to 
achieve a reasonable viscosity and to allow incorporation of sufficient powder 
filler. These diluents are difunctional monomers, but possess lower molar 
mass than BisGMA, such as di- or triethyleneglycol dimethacrylate 
(TEGDMA). Currently dental composite resins are supplied as a one-paste 
system which is cured with visible blue light of 470 nm wavelength. The 
initiator system is camphorquinone with N,N-dimethyl-p-toluidine as 
accelerator (Nicholson, 1998) 
 
The fillers in composite resins are typically quartz or finely divided silica 
powder. The surface of these powder particles is treated with silane coupling 
agents for bonding of the fillers to the matrix. The fillers are present in a 
quantity of 50%-70% by weight. They exhibit high compressive strength, 
resistance to tensile fatigue, and are almost insoluble in the oral environment 
(Rosentritt et al., 2001). They also improve the marginal wear resistance 
when compared to hybrid resin and glass ionomer cements. A disadvantage 
of high filler content is that the viscosity increases, which reduces their flow 
and increases film thickness (Behr et al., 2000). 
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2.5.2: Summary of Dental Adhesives 
 
The literature suggests that the most suitable luting cement is composite 
resin cements. Composite resin cements have good chemical affinity with 
dentine and produce good interfacial interaction upon setting. Whereas more 
traditional cements such as zinc phosphate cement and polycarboxylate 
cement result in high level of clinical failure due to poor interfacial bonding 
and chemical reaction by products. It is important for a dental adhesive to 
possess good chemical affinity with the dental tissues and the dental 
restoration material to enable successful long term clinical success. 
 
2.6: ADHESION TO DENTINE 
 
Dentine is a dynamic substrate and can change continuously due to 
physiological activities and environment. Adhesion to dentine is obtained by 
infiltration of resin into etched dentine which forms micromechanical interlock 
with demineralized dentine, which lies under the hybrid layer or Resin-
Dentine Interdiffusion Zone (RDIZ) (Nakabayashi et al., 1982).  
 
Dentine has a number of tubules which run through and connect with the 
pulp. The cutting of the dentine using a diamond burr for restoration exposes 
the surface of the dentine. This exposes the ends of the dentinal tubules 
contain fluid which creates a moist environment. The moist environment is a 
disadvantage because it interferes with the adhesion of the resin to the 
dentine, because moisture deactivates the setting mechanisms in most 
dental adhesives.  The adhesion of resin adhesives to dentine formed by the 
application of several process such as, removal of smear layer, priming 
dentine surface and the application of the adhesive (Di Renzo et al., 1998). 
 
2.6.1: Effect of Smear Layer on Adhesion 
 
Application of adhesives to the dentine can cause adverse pulp reaction or 
enlargement of the tubules (Nicholson, 1998). The cut surface of dentine 
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consists of disordered dentine which is known as smear layer. There is 
ongoing research on whether this smear layer should be removed or not. 
However traditionally it is recommended that the smear layer should be 
removed in order to develop bonding on a clean surface. But in the 1980‟s 
Douglas, (1989) argued this point and suggested that smear layer is not a 
layer of debris. Instead it is a disordered form of dentine and retains its 
attachments to the underlying sound dentine. 
 
But many studies have reported that when smear layer was left intact sitting 
on the surface of the cut dentine, the bonding systems is more prone to 
premature failure than in cases where it was removed. Therefore it was clear 
that to develop maximum bond strength and durability the smear layer should 
be removed. It is suggested that the removal of the smear layer should be 
done by a mild acidic agent because of the sensitivity of the nearby pulp. 
Acids such as; citric acid, ethylene diamine tetra acetic acid (EDTA) or 
etching with phosphoric acid gel with a very short exposure time is 
acceptable, which is then rinsed with distilled water. The etching allows the 
expose of the dentinal tubule ends, allowing full penetration of the adhesive 
producing adequate adhesion (Nicholson, 1998).  
 
The prime advantage of the removing the smear layer by acid etching of the 
surface is the exposure the dentinal tubules. The adhesive can then flow into 
the dentinal tubules which are exposed by the smear layer removal process. 
The adhesive then hardens to forms resin tags in the dentinal tubules which 
result in the retention of the adhesive (Nakabayashi et al., 1982). A hybrid 
zone of the resin – dentine is also formed, which is about 2-5 µm thick and is 
proved to be the primary mechanism of bonding in these systems (Nicholson, 
1998). The hybrid layer or the RDIZ is the layer which contains the resin tags 
and adhesive lateral branches. The formation of the hybrid layer is when the 
adhesives removes the smear layer and demineralises the dentine. The 
demineralisation of the dentine leads to the exposure of collagen fibrils 
network into which the resin infiltrates and creates micromechanical retention 
with the demineralised dentine (Vargas et al., 1997).   
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The removal of the apatite mineral opens 20-30nm channels around the 
collagen fibres which help in achieving mechanical retention of hydrophilic 
adhesive monomers. Therefore after acid etching it is important to apply a 
primer to protect the collagen in the demineralised zone. However if there is 
incomplete infiltration of the collagen by the primer, the collagen at the 
deeper demineralized zone will be left unprotected which may result future 
hydrolysis and final breakdown (Oliveira et al., 2003).  
 
2.6.2: Application of Primer to Dentine 
 
After demineralization by acid etching, the next stage before applying the 
adhesive is the application of primer which is a wetting agent such as HEMA. 
The primer is bifunctional i.e. it is both hydrophilic enabling it to bond to 
dentine and hydrophobic which enables it to form a bond to the adhesive. It is 
applied in multiple coats direct to a moist dental surface. The reason for its 
use is to replace the water in the moist dentine with the resin monomers and 
to carry the adhesive material into the tubules (Oliveira et al., 2003). 
 
2.6.3: Adhesion of Adhesive to Dentine 
 
The primed dentine surface is gently dried using a curing light, which 
stabilises the primer infiltrated demineralised dentine and to penetrate primer 
into dentinal tubules. Then the adhesive resin is applied to the primed 
surfaces and set. Although polymerisation shrinkage is a drawback 
associated with these resin adhesive, but the adhesion obtained is sufficient 
enough to recommend their use for cementing crowns resin composite 
restorative materials and silanated porcelain (Vargas et al., 1997).  
 
Some resins composite cements contain trifluoride which are capable of 
some fluoride release which means that the cements possess cariostatic 
potential (Wilson, 1990). The adhesion properties of resin adhesive make 
them more desirable to adhere to multiple substrates (Moszner et al., 2005). 
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Over time there have many change to the adhesive bonding systems due to 
the changes in chemistry, bonding, and technique, to improve the clinical 
effectiveness of bonding restorations to the tooth structure. The development 
of dental adhesive systems, the generations of adhesives have been 
redefined as illustrated in Table 2.3. Self etching dentine–enamel adhesives 
are classified as the seventh generation in this classification (Kugel and 
Ferrari, 2000). 
 
Table 2.3: Evolution of bonding systems from the first generation to 
current bonding materials of the sixth generation between 1955-2001:  
 
Type of Bonding 
Systems 
Effect of Bonding System 
1st Generation Cavity primers with low bond strength 
2nd Generation Dentine-enamel bonding agents with improved bond strength to 
etched enamel  
3rd Generation Etching of dentine + partially removal and modification of smear 
layer   
4th Generation Total-etch technique and formation of the hybrid layer and resin 
tags             
5th Generation Simplification of clinical procedure: one bottle systems and self-
etching primers        
6th Generation One-step bonding systems with proper bond to enamel and 
dentine 
(Moszner et al., 2005) 
 
2.6.4: Self-Etching Enamel and Dentine Adhesives 
 
There is a wide variety of bonding systems available (Nicholson, 1998) which 
contain molecules that have both polar and non-polar functional groups. 
These systems consist of multiple components including 2-hydroxyethyl 
methacrylate (HEMA) which is used most extensively and other molecules 
including a range of organophosphorus compounds (Nicholson, 2000). The 
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application of tradition bonding systems is a multi step procedure in which the 
dentine surface is: 
 
 Etched 
 Wash and dry 
 Primed 
 sealed prior to bonding 
 
These multi-step application techniques are complex and sensitive, and may 
result in compromised bonding effectiveness (Kugel and Ferrari, 2000).  
Therefore, to eliminate the problem associate with multi step bonding 
systems, single self etching adhesives have been developed. Self etching 
adhesive are becoming popular which are designed to combine all the 
functions of the individual components in a single formulation i.e. they use 
adhesive and cement in one single application thus eliminate the need for 
pre-treatment of both tooth and restoration (Nicholson, 2000).  
 
The concept of self-etching adhesives is based on the use of polymerisable 
acidic monomers to condition and prime dentine and enamel simultaneously. 
The advantage of self etching adhesives is the technique-sensitive rinsing 
step in the tradition multi step bond systems is removed. Therefore the 
phosphoric acid etching of the enamel and dentine is no more needed (Kugel 
and Ferrari, 2000). However, the mode of action is the same as that of the 
multi-step adhesives involving the removal of the smear layer from the cut 
dentine and formation of an etch pattern on the enamel in approximately 15-
30 seconds. The comonomers of the self etching adhesive diffuse inward into 
the etched enamel and dentine. It forms resin tags in the etched pattern and 
dentinal tubules and penetrate into intertubular dentine by formation of the 
hybrid layer (Nakabayashi et al., 1982).  
 
The one drawback thought to be associated with this system was that by 
simplifying the procedure, the bonding to dentine may be compromised, 
either in strength or durability. Clinical studies on the durability of composite 
resins have proved that these procedures are satisfactory and that there are 
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only few adhesion failures which have been reported. The tooth surface 
should be clean and the surface should not be contaminated by saliva which 
can result in the reduction of the strength of the bond which is subsequently 
formed with the surface (Nicholson, 2000). 
 
2.6.5:  Chemistry of self-etching enamel dentine adhesives 
 
The interaction of the adhesive with the dental hard tissue is produced by the 
function of monomers. The monomers present in the self-etching adhesives 
can be classified into three main groups according to their functions: 
(Moszner et al., 2005) 
 self-etching adhesive monomers  
 cross-linking monomers 
 additional monofunctional co-monomers 
 
All the monomers have to meet biocompatible standards and requirements 
which are:  
 Monomers should be easily miscible with aqueous solutions of the 
solvents and the other monomers and additives. 
 Stability of both the monomer and the formed polymer against 
premature polymerization and degradation by oxygen, heat, light and 
water during storage. 
 High rate of free-radical homopolymerization or copolymerization with 
the other monomers in the adhesive. 
 Minimal water uptake and low swelling of polymer.  
 Low polymerization shrinkage of the monomer to reduce shrinkage or 
thermal stress in the adhesive layer. 
 Low oral toxicity and cytotoxicity.  
(Moszner et al., 2005) 
 
Additionally monomers in self etching adhesives need to meet the additional 
requirements. They should:  
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 Form a rough surface within a short period of time that enables 
micromechanical bonding of the adhesive on enamel. 
 Have optimal wetting and film-forming capability on the tooth surface 
and should be able to penetrate for example into the dentinal tubules. 
 Be able to make fast ionic or covalent interactions with enamel and 
dentine. 
(Moszner et al., 2005) 
 
The most suitable acidic groups for the monomers are phosphonic acid and 
mono or dihydrogen phosphate groups. Monomers are bifunctional 
molecules containing the following components:   
 A polymerisable group which can react both with the other monomers 
of the adhesive and the restorative material by copolymerization. 
 An acid adhesive group capable of both etching the enamel and 
dentine and interacting with the tooth substance. 
 A spacer group which influence the solubility, flexibility and wetting 
properties of the adhesive monomer. 
(Moszner et al., 2005) 
 
The acidic groups in the adhesive react with enamel and dentine and form 
covalent or ionic bonds that result in chemical adhesion of the monomers to 
the tooth substance.  
 Formation of ionic bonds: When the acidic groups react with the 
inorganic part of the tooth which is hydroxyapatite, ionic bond 
formation occurs. The chelating compounds form linkages to the 
calcium ions of enamel or dentine.  
 Formation of covalent bonds: are established between the collagen 
fibres of dentine and the monomer by the additional reactive groups in 
the monomeric acids. 
 
Physical adhesion may also occur due to the secondary valence forces such 
as attraction forces of molecular and induced dipoles or the forces produced 
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by formation of hydrogen bridges or charge transfer interactions (Moszner et 
al., 2005). 
 
2.6.5: Summary of Adhesion to Dentine 
 
It is important to appreciate the microstructure of dentine to enable the 
development of an adhesive material which will provide appropriate chemical 
affinity without compromising the structure of dentine. From the literature it is 
still not clear whether the disordered dentine that is produced during drilling 
interferes or enhances the chemically bonding of the luting cement with 
dentine. The self etch technique does show to provide good adhesion, but 
infiltration the luting cement into the prepared dentinal tubules can be 
reduced by the presences of the smear layer. Therefore further investigation 
in the bond strength between the self etch technique and the total etch 
technique need to be implemented to allow better understanding of the 
smear layer and its role in bonding. 
 
2.7: ADHESION OF DENTINE TO COMPOSITE POSTS 
 
The glass fibre post bonds to dentine through the formation of a hybrid layer, 
resin tags and adhesive lateral branch. This type of bonding is strong, 
leading to a reduced wedging effect of the post against the root canal. The 
insertion of a composite systems involves less removal of dentine because 
the composite post is shorter and thinner than traditional metal and ceramic 
posts, this lowers the susceptibility to tooth fracture. The strong bonding 
causes the shape of the fibre reinforced posts to become less significant in 
relation to its retention as compared to metal posts (Pontius and Hutter, 
2002). 
 
Glass fibre reinforced (GRF) posts show better interfacial adhesion with 
luting cement, than metal or ceramic posts systems because of the salinate 
coupling agent coated on the surface of the GRF post. This is measured 
using a push out test (Le Bell et al., 2005). The push out test was first used in 
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1970, to study the bond strength of a dental adhesive. Compared to 
conventional shear test, push out test provides a better estimation of the 
bond strength. The push out test produces a fracture parallel to the dentine 
bonding interface, which results in true shear stress (Drummond et al., 1996). 
However a common problem found with pre fabricated GRF posts is the 
polymer matrix between fibres are highly cross linked due to high degree of 
crystallisation. The high crystallisation makes it difficult to bond prefabricated 
posts with composite resins and tooth, therefore leading to immature failure 
of the post at the post and adhesive interface (Bouillaguet et al., 2003).  
 
The chemical affinity between different components is extremely important in 
achieving high level of bonding (Pest et al., 2002). The bond strength test 
(push out test) and SEM imaging showed composite resins perform better in 
bonding. The finite element analysis model used to demonstrate that less 
rigid materials distribute stresses uniformly compared to rigid material. GRF 
materials do not generate forces in the interfacial area but around dentine in 
the central third of the canal. Therefore preserving the interface between the 
dentine and the material is important (Cavalli et al., 1996). 
 
Kugel and Ferrari (2000) found that different areas of the same root canal 
respond differently during acid etching. This leads to different bonding 
abilities in different areas of the canal. The variation in bonding ability is 
dependent on tooth (anterior or posterior) and   the area space of the root 
canal. This implies that the load bearing capacity is not only related to 
strength of adhesive interface, but also to the design of the post system in 
simulating the tooth structure (Le Bell et al., 2005). The importance of 
homogeneity and integration between materials is therefore highly needed, to 
provide stability of the post system (Oliveira et al., 2003). 
 
2.7.1: Resin Composite Adhesives 
 
Resin composite cements have proven to be the best candidate for 
cementing the newly introduced fibre reinforced posts. The mechanism 
through which the bonding occurs to the post is either: 
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1. Through the inter diffusion mechanism, or 
2.  By free radical polymerization. 
 
As in FRC posts pre-impregnated with semi-IPN polymer matrix, the semi-
IPN linear polymer phases and the cross-linked polymer phases are not 
bonded chemically together as in a typical co-polymer. In this case inter-
diffusion bonding mechanism plays its role that is when the bonding resin 
comes in contact with the surface of IPN resin matrix. The monomers of the 
bonding resin start diffusing into the linear phases of the IPN resin matrix and 
after polymerisation become interlocked achieving adequate bonding 
(Mannocci, 2005).  
 
 2.7.2: Glass Ionomer Cements 
 
However Bonfante et al., (2007) investigated the effect of resin modified 
glass ionomer cement bonded to glass fibre post. The study concluded that 
resin modified GICs, may be suitable option because the formation of the 
hybrid layer between the dentine. This can act as an etching agent and help 
remove the smear layer and the wettability of the dentine, therefore 
enhancing the adhesion.  
 
2.7.3: Summary of Adhesion of Dentine to Composite Posts 
 
The adhesion of the GRF post with dentine is dependent on the luting 
cement. The luting cement provides a strong interfacial bond with the dentine 
and with the GRF post. This interfacial interaction leads to increased 
retention between the post and dentine. It is important for the luting cement 
properties to comply with the surface of the GRF post and the dentine 
microstructure. At present the most desirable luting cement is the composite 
resin adhesive, which penetrates into the dentinal tubules of the prepared 
dentine and produces both mechanical interlocking and chemically adhesion. 
In the case of the GFR post the composite resin adhesive is able to 
chemically interact with the silantated coated surface which enables increase 
strength of the post and improves hydrolysis resistance, which means that 
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the composite resin is able to chemically bond without absorption of 
moisture, this results in stronger interfacial bonding. Therefore it can be 
suggested that the luting cement plays an important role in providing the 
adhesive interface between the GRF post and the dentine. 
 
Other luting cements such as glass ionomer cements produce a hybrid layer 
with the dentine, which can enhance the adhesion of the glass ionomer 
cement to dentine. It is known that GIC‟s have good chemical affinity with 
dentine and release fluoride which helps in strengthening the dentine 
microstructure. But the adhesion of glass ionomer cement with a GRF post 
has still not been fully investigated.  
 
2.8: FINITE ELEMENT MODELLING 
 
The use of finite element analysis (FEA) has become very attractive method 
for stress analyses. It has become widely used in the engineering field 
because it can effectively predict failure of materials and provides accurate 
stress analysis results.  Finite Element analysis was first used in the 1950‟s 
by Turner et al., (1956) in the aircraft industry. The study was used to 
understand and predict the stress and deflection of aircraft panels. Since 
then FEA been using in mechanical and biomedical engineering. 
 
2.8.1: Finite Element Modelling in Dental Applications 
 
In the past the most common methods to understand the stresses generated 
during mastication were through traditional experimental techniques.  The 
most common techniques have been: 
 Transmission and reflection of two dimensional photoelasticity 
 Three dimensional photoelasticity 
 Brittle lacquers, and 
 Electrical resistance  strain gauge  techniques 
(Mahle and Peyton, 1955, Tillitson et al., 1970) 
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However these conventional methods have had pit falls associated, which 
makes it difficult to obtain accurate results, due to the in vivo environment in 
which these tests are preformed.  Therefore a subjective amount of research 
and study had been done in the early 1970‟s to try and implement 
mathematical models to obtain desired results. During this time the 
mechanical properties of most dental tissues were well known.  FE analysis 
was first implemented for dental materials by Thresher and Saito (1973) to 
simulate plane strain load on central incisors. The study was able to produce 
some stress distribution data across several points on model. The first 
axisymmetric model used in a dental application was by Farah et al., (1973). 
The study was used to model a crown restored molar tooth under axial 
loading.  
 
The bases of finite element analysis are on the mathematical modelling, 
which approximates the geometry and the loading conditions of a specific 
structure. Thus finite element modelling is becoming increasingly used in 
dental application such as modelling a pulpless tooth reconstructed with 
endodontic post systems.  The amount of stress and deformation subject to 
the model through mastication forces can be evaluated (Zienkiewicz, 1986).  
 
2.8.2: Types of Finite Element Models 
 
Stress distribution within the post can be analysed through finite element 
analysis. There are three types of FEA modelling that can be carried out: 
1. 2 dimensional  
2. 3 dimensional 
3. Axisymmetric 
 
Dental literature reports the use of finite element modelling for investigating 
the stress distribution in post and crown restored teeth.  Most of the literature 
on dental restoration applications exhibits the use of 2D models (Williams 
and Edmundson, 1983, Cavalli et al., 1996), with a few recent papers 
working on 3D models (Ho et al., 1994). 
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The most commonly used method is 2D modelling in most engineering 
application because it is simple and provides faster mathematically 
calculations. However, on the other hand 3D modelling requires more 
parameters to be added.  The extra parameters needed in 3D modelling 
allow better and accurate analysis. But the main disadvantage around 3D 
modelling is that the extra parameters need much more time to be computed 
leading to time loss in comparison to 2D modelling. The 2D FEA models 
show similar peak dentinal stresses compared to 3D models. However the 
traumatic loading of a 3D model shows stresses on the facial (frontal) 
dentinal surface, whereas 2D modelling provides stress results which show 
on the lingual (inner) surface of the tooth model (Pegoretti et al., 2002). 
Therefore to eliminate the time issue associate with 3D modelling and the 
inaccuracy of 2D modelling, axisymmetric modelling is used to provide a 
better simulation. 
 
The main source of potential error of a FEA model is not statistical, but 
instead due to key parameters such as modulus, geometry, boundary 
conditions etc. This can be overcome by using an axisymmetric model. The 
elements in an axisymmetric model are prepared as 2D but implied as 3D 
and radically symmetric loads are distributed axisymmetrically. A complex 
non axisymmetric model can be implied axisymmetrically (Pegoretti et al., 
2002). The results of an axisymmetric analysis compared to normal 3D 
analysis improved accuracy and precision and reducing modelling and 
analysis time required in a study by Holmes, (1996). In endodontic post 
models the diameter of the axisymmetric post model is reduced or tapered 
the peak shear stresses are increased. The study by Holmes et al., (1996) 
predicted that the highest compressive and tensile stress concentration 
would be at the coronal region, but in fact the results show the same as (Ko 
et al., 1992) the highest region is the cervical region. 
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2.8.4: Summary of Finite Element Modelling 
 
Previous studies have concluded that 3D modelling requires many physical 
parameters which lead to increased time in computing the extra parameters. 
In the case of modelling endodontic posts or dental tissue it is important to 
realise that the physical parameters associated when dental tissues are 
limited due to the lack of research. Therefore it is more suitable in using a 
simpler modelling technique which is axisymmetric modelling. This enables to 
preliminary model the structure in 2D using fewer parameters but still be able 
to view the computed results as a 3D model. This enables quicker and 
accurate modelling of the tooth and post structures.  
 
2.9: MODELLING THE ENDODONTIC POSTS SYSTEM 
 
The analyses of stress concentration using FEA require the input of certain 
information and data. For FEA modelling a natural tooth restored with ideal 
materials, whose stiffness is equal to those of enamel and dentine, will be 
considered as a reference model, in comparison to the clinical materials. 
 
2.9.1: Modelling the Tooth Structure 
 
The geometry of the tooth is always modelled as a pulpless root structure 
regardless of the restoration and material. The materials of the dentine can 
either be modelled as isotropic or anisotropic as there are studies which have 
determined the physical properties of both dentine and enamel. However the 
properties of the pulp and the gingival have not been determined. Therefore it 
is difficult to the model the pulp. However, in past studies assumptions have 
been made and properties of a soft material can be implemented 
(Genovesea, 2005). 
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2.9.2: Modelling the Composite Endodontic Post 
 
The endodontic post is a glass fibre reinforced materials which has 
anisotropic properties. The nine independent elastic constants are required to 
determine the mechanical properties such as Young‟s modulus, shear 
modulus, and von Mises stresses, all in the longitudinal, transverse directions 
along with their combinations.. The fibres are orientated in longitudinal 
direction which also needs to be accounted for when producing the model. 
The von Mises stresses are mainly distributed inside the post and along the 
interface of the posts and adhesive (Ko et al., 1992). 
 
2.9.3: Loading the Endodontic Post System Model 
 
There are three different types of loading that need to be taken into 
consideration when applying any loads to a tooth structure using FE. These 
loading directions are (Fig 2.11): 
 
 Vertical loading: Load is applied to the centre of the occlusal surface 
of the tooth 
 Oblique loading: The load is applied at a 45o angle to the occluscal 
surface of the tooth 
 Horizontal loading: Horizontal loading bends the system towards the 
buccal direction, which causes post to fail. 
(Pegoretti et al., 2002) 
 
The load need to be applied at certain magnitudes which are the same as 
those loads applied during mastication. However these loads are applicable 
to normal masticatory loads. When the tooth is subjected to extreme loads 
such as bruxism which results in extreme lateral movement of the jaw, these 
loading conditions would be altered (Table 2.4). 
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Figure 2.11: Loading conditions on a tooth where P1: Vertical Load, P2: 
Oblique Load, P3: Horizontal Load (Pegoretti et al., 2002). 
 
Table 2.4: The loading Conditions Required 
Loading Conditions Force Value (N) Force Orientation 
Mastication 500 135o- Oblique 
Bruxian 100 Vertical 
Impact 100 Horizontal 
 
2.9.4: Issues Associated with FE Modelling of Composite Posts  
 
The studies reported in the literature on finite element models of endodontic 
posts are still incomplete. There are problems associated with the models 
such as: 
 
 Incorrect interpretation of the interfacial properties between the post, 
adhesive and dentine 
 There have been many assumptions made regarding the mechanical 
properties of the restorative materials and dental tissue. 
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 The mechanical properties of the dentine across the root canal vary 
from the coronal to the apical regions of the root, which in most 
studies have not been addressed. 
 
These factors cause inadequate representation of the stress distribution 
across the tooth structure and the endodontic post material, which 
sometimes do not compare with experimental results. 
 
2.9.5: Finite Element Analysis Fracture Model of Endodontic Posts 
 
The obliquely applied loads in metallic post systems show high stress 
concentration in the coronal and mid root section, in most studies. There are 
quantitative limitations of FEA modelling because of the assumptions made 
on the dynamics of a material. The physical characteristics of the tissues are 
different in different regions and in different individuals and assumptions have 
to be made which produce accurate results. However the qualitative trends 
are not adequate enough to produce the correct outcome of the FE results. 
 
A study by Holmes et al., (1996), showed that the compressive and tensile 
stresses were presented at the coronal third of the root. The magnitude of the 
peak stresses were influenced by post length, the shorter the length the 
higher the stress field. Peak stresses occurred adjacent to the mid root. 
There is a direct relationship between the remaining portion of the coronal 
tooth and the post length in determining the survival of the restoration. 
Therefore reducing the peak shear stress should be balanced with the post 
preparation.  
 
Additional a study by Lanza et al., (2005) on FE modelling of carbon fibre 
reinforced posts concluded that it is not possible to recreate an accurate 
stress distribution of the tooth in the FE model. However the results did show 
that the debonding of both carbon and glass fibre posts did not damage the 
tooth structure, unlike metal post systems. It was also suggested through the 
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results that an ideal post would need to be able to flexurally adapt to the 
shape of the root and the flexural movement of the tooth during mastication. 
 
A study by Okamoto et al., (2008) showed that GFR posts produce high 
stress concentration at the cervical margin, where as cast gold posts produce 
stress concentration at the apical region (Fig 2.12). The stress concentration 
at the cervical margin due the GRF showed a decrease with an increase in 
the post diameter. The length of the post is 2/3 the length of the root and ½ 
the diameter .The complete bonding between the adhesive and dentine 
interface is always assumed with 100 micron thickness. The GRF posts 
fracture in a different manner compared to metal posts, which allows the 
abutment of the tooth to be repaired i.e. bridge restorations. 
 
GFR posts present high stress concentration at the cervical region due to 
inadequate flexibility. It shows the lowest peak stresses inside the root and 
the high stress at the cervical margin using GFR posts can be reduced by 
using less stiff crown materials. The GFR post produces a stress field closer 
to tooth (Pegoretti et al., 2002).  
 
 
Figure 2.12: Illustrating the areas of stress concentration produced through a 
GFP  
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root 
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Metal posts cause fracture at the root of the tooth which is much more 
difficult to repair and means that the tooth has to be extracted, where as a 
GFR post causes fracture at the cervical margin, increasing the chances of 
repair. Okamoto et al., (2008) investigated the effect of prefabricated GRF 
post diameter size on the stress distribution. Theoretical mastication force is 
100N at a 45o angle in tension. All the materials were assumed to 
homogenous isotropic and linear elastic. The results showed that the 
maximum stress was observed on the inner side of the proximal wall at the 
level of the cervix (Okamoto et al., 2008). Thus, with the gold post the stress 
was seen on the inner side around the apex of the tooth. However the 
maximum stress was slightly reduced, along with the von Mises stress with 
an increase in prefabricated post size. GFR post show high values for von 
Mises stress, where metal posts show low values (Tanimoto et al., 2004). 
 
The increase in post diameter provides a larger surface area, which means 
that stress in dispersion increases, therefore reducing the stress 
concentration at the cervical margin of the tooth. An explanation for why 
metal post causes a high level of stress concentration at the apex. This may 
be due to the fact that the high modulus of the material makes it more difficult 
to bend during mastication forces; therefore it uses the apex as a lever 
support. The increase in post diameter reduces the stress on the composite 
resin, therefore decreasing the failure of the post due to adhesive. Another 
most common reason for posts to fail is the weak adhesive interfaces.  
 
The unidirectional fibres are embedded in resin matrix. The fibres are pre 
stressed and resin as filler is injected under pressure to fill spaces between 
fibres, giving them solid cohesion. Epoxy resin may attach to BisGMA resin 
through common free radicals in epoxy resin. Root Failure only occurs at 
exceptionally high force concentration at the cervical margin between the 
tooth and gingival. GRF posts produce stresses similar to that of natural tooth 
FEA studies showed that GRF post result in lowest stresses inside the root 
because the stiffness is close to dentine (Pegoretti et al., 2002).  
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2.9.6: Summary of FEA of Endodontic Posts 
 
 
Finite element analysis studies used to model different endodontic post 
materials and their interaction with the surrounding dental tissue suggest that 
the most vulnerable parts of the root canal are the coronal and apical 
regions. The metal posts systems produced high stress concentration due to 
their levering affect, leading to failure of the posts system. However the 
results cannot be used to interpret the amount of damage caused, because 
many assumptions regarding the dental tissues and the interface between 
the dentine and the post have been made. Therefore it is essential for further 
investigation to be carried out to use physical parameters which have been 
experimentally established using the correct environment and conditions, 
rather than predicted. 
 
2.10: MECHANICAL TESTS 
 
There are several techniques used to assess the bonding strength of the 
luting cement to dentine. The most commonly used testing methods are: 
 
 Microtensile bond strength test -  
De Munck et al., (2004) evaluated the bonding strength of RelyX™ Unicem 
with enamel and dentine by using a standard micro tensile bond strength 
test. The bonding strength of resin luting cement was evaluated with different 
types of fibre posts cemented to dentine by using the same micro tensile test 
set up in a study by Mallmann et al., (2007).  
 
 Shear bond strength test 
Piwowarczyk et al., (2007) studied the bond strength of RelyX™ Unicem and 
other luting cements with dentine. The bond strength was tested by applying 
stresses to the samples in shear at a constant crosshead speed of 
0.5mm/min and the bond strength was calculated. The surfaces of the 
specimens were prepared with sandpaper. Then the specimens were 
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embedded in resin and tested in a universal machine under stresses in 
shear. 
 
 Push-out test  
In several studies the bond strength of resin cement including the RelyX™ 
Unicem was assessed with dentine and different types of fibre post systems 
using push-out test for the evaluation of the bond strength (Pest et al., 2002; 
Bitter et al., 2006; Wang et al., 2007).  
 
 Peel Test 
Peel tests are used to determine the fracture toughness of an adhesive. The 
adhesive is bonded to the substrate material and then using tensile forced 
peeled away from the substrate. Currently in dental materials this type of test 
has not been implemented, because of sample size. 
 
2.10.1: Push-out Test 
 
The conventional methods of bond strength testing (tensile or shear) were 
implemented by using sandpaper to prepared flat surfaces. The tests 
exhibited high scores of bond strength and low scores of microleakage as 
compared to confined spaces. The confined spaces have a high C-factor 
(ratio of bonded surfaces to unbonded surfaces), which results in more flow 
of the material and lower stresses occurring within the material. These 
confined spaces are more favourable clinically but less favourable from 
mechanical perspective. A reduction in the bond strength was recorded with 
the use of push-out test as compared to conventional methods. This was 
thought to be due the production of stress at the tooth-restoration interface 
because of the internal stresses which were generated due to polymerisation 
shrinkage pulling the bonded restoration from the dentine walls (Perdigao et 
al., 2004).  
 
The push-out test was first advocated by Roydhouse (1970) for use in 
dentistry. The push out test was used to test bonding of adhesives to root 
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canal dentine. Patierno et al., (1996) in a study which was originally designed 
to assess the shear bond strengths of a direct and indirect placement resin 
composite to the root canal walls. The push out test provides a better 
estimation of the bonding strength as compared to the conventional shear 
test. It can be regarded as a true shear test because with this test the 
fracture occurs parallel to the dentine-bonding interface (Drummond et al., 
1996). The test produces an accurate mean of the bond strength provided 
through the push out test, and without significantly different variances which 
made testing of small samples possible (Wang et al., 2007). In addition to 
this, it has been proved to be more reliable than the microtensile test for 
bonded posts, which though can be used with large numbers of small beam-
shaped specimens (Bouillaguet et al., 2003). But standard deviation values 
and premature failure rates were reported to be high (Goracci et al., 2004). 
 
2.10.2:  Peel Test 
 
The peel test is used to measure the resistance of adhesive joints to 
extremely local stresses. The peel test results have shown that the adhesive 
modulus is higher when the adherent is more flexible (Delollis, 1970).  A 
study by Shields, (1976) reported that “peel strength increases with adhered 
thickness and adhesives thickness but decreases with adhesive modulus of 
elasticity”. If adhesive material is brittle with high tensile strengths they 
normally will have low peel strengths. The low peel strength is because the 
adhesive bonds are inherently weak when peel loads are applied, a more 
sensitive test than the lap-shear test was developed, which was the peel test. 
The peel test was more capable of distinguishing between dissimilar 
adhesives and their bond strengths (Allen, 1983). 
 
Moore and Williams, (2006) employed peel test to measure adhesive fracture 
toughness. However, this does not provide a resolution which can be 
sufficient for the measurement of plastic bending energy (Gp) in the peel 
procedure. For this reason, most current methods for the evaluation of 
adhesive strength require the measurement of adhesive fracture toughness 
82 
 
(GA), which can be also recognized as adhesive fracture energy or interfacial 
work of fracture as well as occasionally  termed as G c where: 
                                 GA = G – Gp 
                      G is the total input energy” (Moore and Williams, 2006). 
 
There are a number of peel test geometry forms that are used. There are 
three types of techniques used to measure the fracture toughness, which are 
 fixed arm peel 
  T-peel  
 Mandrel peel tests. 
 
“T-peel and the fixed arm, the input energy (G) is measured and the plastic 
bending energy (Gp) which is calculated from knowledge of the tensile 
stress-strain behaviour of the peel arm material”. (Imperial College London 
2007) 
 
Williams and Moore (2006) have described two experiments that detect GA 
as: 
1. Achieve the peel test with a control of the peel angle. 
2. “A tensile stress-strain measurement of the peel arm up to fracture”.  
 
The peel test data is used to measure the strength of the adhesive known as 
adhesive strength. The input energy (G) is measured and the plastic bendin 
energy (Gp) is calculated using the stress/strain curve of the substrate peel 
arm. There are three methods used for calculating the Gp which are: 
1. Bilinear – a bilinear fit of the stress/strain curve is produced and an 
analytical Gp is produced. 
2. Linear power law – a linear elastic power law plastic fit is produced of 
the stress/strain curve resulting in an analytical Gp. 
3. Digitised – digitations of the stress/strain curve results in a numerical 
value of Gp. 
 
The ICPeel 2006 excel sheet produced b Imperial College London is used to 
accommodate both the bilinear and linear approach in determining Gp. The 
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excel sheet uses the tensile test data to produce a stress/strain curve on 
which a bilinear and linear elastic function is fitted, this determines the 
Young‟s modulus, work hardening and the yield coordinates (Fig 2.13). Than 
the numerical parameters are inputted from experimental results and the 
analyses are completed producing Gp and Ga of the adhesive. The peel test 
produces mode I type of failure where the crack propagates, where loading is 
normal to the adhesive. 
 
 
 
Figure 2.13: Stress/strain curve of peel arm substrate representing bilinear 
and linear relationships 
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2.10.3: Summary of Mechanical Tests 
 
The type of stresses applied to dental luting cement when used to cement 
endodontic posts is shear. Therefore to mimic the shear stress applied during 
masticatory loads, the push out test seems to provide the best results. Other 
shear stress tests such as double cantilever beam, wedge test, mixed mode 
delamination tests can be implemented. However these types of test do not 
produce the clinical set up for an endodontic post in vivo. The push out test 
uses the correct sample size and shape that is needed for mimic loads 
applied on the root of a tooth.  
 
The peel test on the other hand is widely used to determine the adhesive 
strength. However in dental materials it has not been implemented, but using 
the experimental set up the adhesive strength of dental luting cement can be 
determined, once a suitable substrate material can be determined. The 
results from the peel test on the dental luting cement can provide pivotal 
information on the type of failure mode that can be seen and to establish 
whether the dental luting cement fails due to cohesive or adhesive failure and 
to what extend it can withstand masticatory loads. 
 
2.11: MICROSCOPY 
 
Scanning electron microscope was pioneered in 1930s by Manfred von 
Ardenne and then further developed by Charles Oatley. It is a type of 
electron microscope which produces high resolution images of the surface 
samples. It produces a three dimensional image to describe the structure of 
the surface.  
 
2.11.1:  Principle of SEM 
 
Scanning electron microscopy uses an electron beam instead of light and 
has a very high magnification range. The electrons have a small wavelength, 
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allow an increase in resolution. They are designed using electro magnets 
which form magnetic fields. 
 
The SEM has three advantages over optical microscopy  
 Increased depth of field 
 High resolution 
 Greater contrast 
 
An incident beam is scanned across the surface and has intensity energy of 
approximately 100KV, which is focused through one or two condenser lens to 
a focal point. This result in electrons emitted from surface and is collected to 
form image. The imaging is obtained by secondary electrons which improve 
resolution of image. The contrast is improved by the backscattered electrons 
which are dependent on atomic number. 
 
Secondary electrons 
 Provide high resolution of image 
 Low energy secondary electrons originate from surface 
 Electrons are detected by scintillator photo multiplier device 
 This process relies on raster scanning of primary beam 
 The brightness of the signal depends on the number of secondary 
electros reaching the detected 
 
Backscattered Electrons 
 Consists of high energy electrons originated from electron beam 
 Can be used to detect contrast between areas with different chemical 
compositions 
 Brightness of backscattered electrons images tend to increase with 
atomic number 
(Wells, 1974) 
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2.11.2: Optical Microscopy 
 
An optical microscope is mainly used to assess the appearance of a 
specimen‟s structure at a general level. It gives a rapid view of a relatively 
large area at a low resolution and its field depth decreases when the 
magnification increases. One of its main advantages is the uncomplicated 
preparation of samples (Wikipedia, 2009). 
 
2.11.3: Nomarski Optical microscopy  
 
Transparent and unstained sample can be effectively viewed using 
Normarski microscopy, which can enhance the contrast of the image. Using 
this technique, information about the optical density of the sample is obtained 
using interferometry. These characteristics in normal optical microscopy are 
otherwise invisible. The principle of Nomarski microscopy is that it able is to 
split a beam of polarised light in two. The beams are directed to travel 
through the sample by different paths. When the beams are combined again, 
interferences come to surface where the length of the optical path differs. 
The three dimensional physical relief obtained thereby corresponds to the 
variations of optical density in the sample. Therefore revealing clear edge 
lines (Wikipedia, 2009). 
 
2.12: SUMMARY OF LITERATURE REVIEW 
 
Research shows that metal and ceramic endodontic posts result in high 
clinical failures due to their stiffness which is not compatible with root dentine. 
The metal posts produce a wedging effect on the dentine, using the dentine 
as a lever when subjected to masticatory loads. The metal posts also 
produce weak bonding with the luting cement, because they solely rely on 
mechanical retention not chemical. It is known the chemical bonding between 
two interfaces produces a better bond and seal. The use of glass fibre 
reinforced composite post systems has proven to be successful in 
comparsion to metal and ceramic posts. This is due to their lower stiffness 
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and chemical bonding to luting cement due to the silanated surface coating. 
The fibres in the posts provide good flexural strength to the post allowing to 
withstand masticatory forces effectively. 
 
However, the literature shows that there is lack of research in the 
understanding of the interfacial properties between endodontic posts which 
has been cemented to dentine using a luting cement. It is important to 
understand the interfacial interaction between the different types of material. 
By optimising the interfacial properties between the adhesive interfaces this 
will overcome clinical failure of endodontic post systems.  
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CHAPTER 3: METHODOLOGY 
 
3.1: OBJECTIVES AND SUMMARY OF EXPERIMENTAL DESIGN 
 
The objectives of this study are: 
 
1. Investigate material properties of different elements of the „post 
system‟ and failure of the post –tissue interface via adhesive. 
i. Investigate adhesive toughness  
ii. Investigate fibre orientation in glass fibre post 
iii. Investigate bond strength of the adhesive interface 
iv. Use FE to produce simulation for predicting type of 
failure  
2. To suggest the best combination of post and adhesive for 
clinical practice. 
 
The experimental procedures that will be used to address the objectives of 
this study are: 
 Peel Test – investigate the adhesive fracture toughness 
 Electron Microscopy – to investigate the fibre orientation 
 Push out Test – to investigate the bond strength of the adhesive 
 Finite element analysis – to understand the interface which is failing  
 
Therefore the experimental design for this study is as follows: 
 
The materials that will be used in this study are: 
1. There are three different dentine tissues: which are 
elephant, whale and human dentine. This will distinguish the 
difference between different mineralised tissue interfaces, in 
relation to ages changes. 
2. Two different endodontic adhesives: which are resin 
composite adhesive and glass ionomer cement. To 
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establish the difference between adhesive type and the 
bond strength at the interface with the tissue and the post. 
3. Two endodontic fibre post systems: which are prefabricated 
and customised IPN posts. To establish the difference 
between post material and interfacial properties. 
The experimental tests that will be used are: 
1. Peel Test: To characterise the adhesive properties 
2. Push Out Test: To determine the bond strength of the post 
systems using the different types of adhesives 
3. Finite element model to predict the bond strength 
4. Characterisation of dentine and post using microscopy 
 
The flow chart (Fig 3.1) describes the use of the materials and the 
experimental procedures being used to perform the study. 
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 TYPE OF ADHESIVE 
TYPE OF POST RelyX™ Unicem AquaCem® 
RelyX™ Fibre Post Elephant Human Whale Elephant Human Whale 
Everstick® Fibre 
Post 
Elephant Human Whale Elephant Human Whale 
     
           
          
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Schematic representation of experimental programme 
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3.2: MATERIALS 
  
The materials used will be dental glass fibre posts, dental adhesives and 
dentine which are: 
1. Dental Adhesives: 
 
 3M RelyX™ Unicem Adhesive: The commercial 3M RelyX™ Unicem 
Self Adhesive Universal Resin Cement was available in two forms:  
(RelyX™ UnicemAlicap/Maxicap) and clicker dispenser (RelyX™ 
Unicem Clicker).  Table 3.1 shows the composition of both forms. 
 AquaCem® Glass Ionomer Cement: The commercial Dentsply™ 
AquaCem® glass ionomer luting cement, in the form of a liquid and 
powder was used. Its composition is shown in Table 3.1. 
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Table 3.1: Composition of RelyX™ Unicem Adhesive & AquaCem® 
Glass Ionomer Luting Cement (RelyX™ Technical Data Sheet, 2007) 
RelyX™ 
Unicem 
Alicap 
POWDER: 
 Alkaline Filler 
 Silanated Filler 
 Initiators Component 
LIQUID: 
 Methacrylate monomers 
containing phosphoric acid 
 Methacrylate monomers 
 Initiator components 
RelyX™ 
Unicem 
Clicker 
BASE PASTE: 
 Methacrylate 
monomers with 
phosphoric acid 
 Methacrylate 
Monomers 
 Silanated Fillers 
 Initiator Components 
CATALYST PASTE: 
 Methacrylate 
Monomers 
 Alkaline Filler 
 Silanated Filler 
 Initiator Components 
 
AquaCem® 
Glass 
Ionomer 
Luting 
Cement 
POWDER: 
 Calcium-sodium-
fluoro-
phosphoroaluminium 
silicate, 
 Polyacrylic acid, 
 Tartaric acid  
 Yellow ferric oxide 
LIQUID: 
 Distilled Water 
 
 
 
2. Endodontic Posts: 
 
 3M RelyX™ Fibre Post: The commercial 3M RelyX™ fibre post is 
made of glass fibres embedded into an epoxy resin matrix containing 
zirconia filler. The post contains 60 – 70% weight percentage of glass 
fibres. The fibres are oriented uniformly throughout the matrix.  The 
composition provides modulus close to dentine with a micro porous 
surface aiding mechanical retention.  Figure 3.2 shows the dimensions 
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of the tapered yellow post, used for all microscopy sample 
preparations. Table 3.2 shows the different dimensions of the post 
used for testing. 
 
                                      1.3mm (Coronal End) 
 
 
 
       20mm 
 
 
 
 0.7mm (Apical End) 
Figure 3.2: Shows the dimensions of a tapered pre fabricated 3M RelyX™ 
post. 
 
 
Table 3.2: The tapered diameter sizes of the Rely X™ posts and their 
corresponding colour code, and length of 20mm (RelyX™ Fibre post 
technical Data Sheet) 
RelyX™ Post 
Drill/Post Colour code 
Diameter of Coronal 
Post End (mm) 
Diameter of Apical 
Post End (mm) 
Yellow 1.3 0.7 
Red 1.6 0.8 
Blue 1.9 0.9 
 
 StickTech™ Everstick® Fibre Post: Commercial Everstick® Fibre 
Post is composed of E glass fibres with an interpenetrating polymer 
network (IPN) (Fig. 3.3) embedded in a flexible BisGMA resin 
reinforced with small Polymethylmethacrylate (PMMA) fibres and an 
acrylic PMMA coating.   
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        = Fibre           = BIS GMA              = PMMA 
 
 
Figure 3.3: Schematic Illustration of cross section of Everstick® Post 
 
The dimensions of the post are illustrated in Figure 3.4, which were 
individually placed to form the shape of the prepared root canal dentine and 
then light cured to further set the material, along with the cement. 
 
    0.9mm 
 
 
 
 
 
20mm 
 
 
 
 
 
Figure 3.4: Schematic representation of Everstick® Post dimensions 
 
 
3. Dentine: Three different types of dentine were used for this study, 
shown in Table 3.3. 
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Table 3.3: Type of Dentine  
TYPES OF DENTINE DESCRIPTION 
HUMAN TEETH  80 Intact single rooted human teeth, stored 
in alcohol at room temperature  
ELEPHANT TUSK  40 Dehydrated Elephant Tusk, stored at 
room temperature 
SPERM WHALE 
TOOTH 
 40 Dehydrated sperm whale tooth, stored at 
room temperature 
 
3.3: PUSH OUT TEST 
 
3.3.1: Push Out Test: Preparation of Dentine 
 
 
The Push Out test was carried out on all three hydrated dentine samples. 
 
3.3.1.1: Preparation of Human Dentine 
 
 
First the crowns of 40 single rooted teeth were cut approximately at the 
cemento – enamel junction using a water cooler precision diamond blade the 
Microslice 2, Malvern Instruments, Malvern, England (Fig 3.5).  Then the 
roots were embedded in mounting resin to provide stability and ease of 
handling during post preparation. They were stored in distilled water to be 
hydrated at room temperature (~22oC). 
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Figure 3.5: Microslice 2, Malvern Instruments, Malvern, England 
 
3.3.1.2: Preparation of Elephant and Sperm Whale Dentine 
 
 
Forty Rectangular pieces from both elephant and sperm whale dentine 
(10mmx10mmx20mm) were cut using a band saw. The 40 pieces of each 
dentine were then placed in distilled water for 24 hours to hydrate the dentine 
at room temperature (~22oC).  
 
3.3.1.3: Preparation of Post Space within Dentine 
 
 
3M RelyX™ post drills consisting of three different diameters denoted by 
colour coding (Table 3.2) were used to make the hole. Each drill piece 
attached to a bench drill machine, where the prepared dentine was placed on 
the platform underneath. The drill was pushed down where it penetrated the 
dentine and produced a hole. During the drilling, a continuous flow of distilled 
water was sprayed as a coolant. In the case of human dentine the root 
mounted in the resin was placed on the platform where the drill penetrated 
through the pulp chamber. 
 
 
 
Diamond Blade 
Specimen Holder 
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3.3.1.4: Specimen Preparation 
 
 
Once the post hole was prepared using the 3M RelyX™ drill, the 3M RelyX™ 
fibre posts with the same colour coding (Table 3.2) were cemented into the 
prepared specimens of 80 hydrated human dentine, 40 hydrated elephant 
dentine and 40 hydrate sperm whale dentine, using 3M RelyX™ Unicem 
alicap adhesive and AquaCem® luting cement. The post and adhesive 
combinations are listed in Table 3.4. This was prepared according to the 
manufacturer‟s instructions using the Silver Mix 90 and mixed for 15 
seconds. The capsule was placed in the applicator to be inserted into the 
prepared canal, along with the post and light cured for 20 seconds using the 
EFosfor light curing machine. The curing light had a wavelength of 
approximately 440-480mm.  
 
The AquaCem® glass ionomer luting cement was used to cement the rest of 
the specimens. The cement was prepared according to powder/liquid ratio 
given by the manufacturer‟s instructions and hand mixed on a glass slab. 
Then the post was coated to the GIC and inserted into the prepared canal 
and self set for 6-8 minutes. The Everstick® fibre posts were tightly packed 
into the canal and set using EFosfor (Konstanz, Germany) light curing 
machine for 20 seconds and then cemented with either the AquaCem® or 
RelyX™ Unicem.  
 
The specimens were left to set for a further 24 hours, after which they were 
cut using the Microslice 2 diamond blade cutter into 2 mm slices. From each 
prepared sample of elephant and whale dentine there were 5 slices cut. The 
diamond blade cutting process was very sensitive and resulted in sample 
failure even before the push out test plunger was loaded, due to incomplete 
adhesive bonding and cutting errors. This meant that there were 
approximately 30 slices from the elephant samples and 38 samples from the 
whale dentine samples which were defective. This gave a total of 170 
elephant dentine samples and 162 sperm whale dentine samples to test. 
From each human dentine samples there were approximately 2-3 slices cut, 
depending on the length of the root. However due to the small root size it was 
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difficult to keep the sample stable within the wax holder, this lead to 
approximately 56 defective sample, leaving a total of 179 slices to test. 
Therefore the number of samples for each dentine type that were tested were 
40. 
 
Table 3.4: Fibre Post and Adhesive Combinations 
Post + Adhesive Combination Set 
RelyX™ Unicem Resin Adhesive + RelyX™ fibre post A  
RelyX™ Unicem Resin Adhesive + Everstick® fibre post B 
AquaCem® luting cement + RelyX™ fibre post C 
AquaCem® luting cement + Everstick® fibre post D 
 
3.3.2: Immersion of Prepared Human Dentine in Distilled Water and 
Artificial Saliva 
 
 
A further 80 human dentine samples were prepared using the normal 
procedure. 40 samples (20 RelyX™ Fibre post & 20 Evertsick® Post) were 
cemented with RelyX™ Unicem and the other 40 samples (20 RelyX™ Fibre 
post & 20 Evertsick® Post) were cemented with AquaCem® luting cement.  
The control samples were immersed in 10ml of distilled water and the test 
samples were immersed in 10ml of artificial saliva for periods of 24 hours, 3, 
7, 11 and 14 days (Table 3.5) 
 
Table 3.5: Number of samples in 10ml of Distilled water and Artificial 
Saliva 
Samples No of Samples 
in Distilled 
Water 
No of Samples 
in Artificial 
Saliva 
RelyX™ Post + RelyX™ Unicem (A) 10 10 
Everstick® Post + RelyX™ Unicem (B) 10 10 
RelyX™ Post + AquaCem® (C) 10 10 
Everstick® Post + AquaCem® (D) 10 10 
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3.3.2.1: Preparation of Artificial Saliva 
 
The artificial saliva mixture was taken from the literature (Williams et al., 2001 
and Schiff et al., 2005). 
 
Sodium chloride, NaCl (0.4 g/l), potassium chloride, KCl (0.4 g/l), Calcium 
chloride, CaCl2
.2H2O (0.795 g/l), sodium dihydrogenphosphate, NaH2Po4 
.2H2O (0.690 g/l), sodium sulphide, Na2 S
.9H2O (0.005 g/l). All materials were 
dissolved in 1000 ml of distilled water. The solution of artificial saliva was 
mixed on a hot stirring plate for one hour, after which the pH was measured 
using a HI 9622 microcomputer pH meter. The result was a pH of 6.8 at 
37°C. 
 
3.3.3: Push Out Test: Mechanical Testing 
 
A compressive force was applied to the post, as illustrated in Fig 3.6.  This 
produced stress across the post, adhesive and dentine interface. Each slice 
of prepared dentine was secured on a stainless steel platform, which had a 
central circular perforation to allow the movement of the post. A stainless 
steel plunger was used to apply the vertical static load. There were three 
plunger tips, with three different diameters which had 0.3mm clearance for 
each of the RelyX™ post sizes, with diameter 1mm, 1.3mm or 1.6mm. The 
plunger was positioned to touch the tip of the post without producing any 
stress to the surrounding prepared specimen. The tapered RelyX™ post 
specimens were placed on the platform so that the load could be applied to 
the apical aspect of the root (the tapered part of the post), so as to push the 
apical aspect towards the coronal part of the root (the less tapered part of the 
post).  The compressive load was applied using an Instron Universal testing 
machine at a speed of 1mm/min, until bond failure occurred between the 
interfaces due to the extrusion of the post from the canal. 
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Figure 3.6: Schematic Illustration of Push out Test. Test adopted from (Pest 
et al., 2002)  
 
After failure had occurred a load/displacement curve was produced by the 
software, which was later used to calculate the bond strength. The bond 
strength is calculated by dividing the load to failure (Newtons) with the 
bonding surface area (mm2), using 
 
Nmm2= N (πrh) 
    2 
 
Where, N = load, r = radius of disc, h = height of disc 
 
3.3.4: Peel Test: Surface Preparation of Aluminium Substrate & Peel 
Arm 
 
Light weight pure aluminium sheets of 5mm and 1.2mm thickness were 
obtained from Alloy Sales Ltd, with Young‟s Modulus of 68.78 GPa.  The 
1.2mm sheets were cut into 150mm x 25mm strips and bent into 90 degree 
Post Platform 
Plunger Tip (diameter = 
1.3mm) 
Dentine 
Adhesive 
(thickness = 
100 microns) 
Load 
2mm 
Slice 
1.3mm 
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arms to form a Peel arm. The 5mm sheets were used as the substrate and 
were cut into 100mm x 25mm rectangular strips. 
 
The adhesive wetting surface was prepared by rubbing fine grit paper to 
produce mechanical retention. The surface debris was then removed using 
acetone and rinsed with distilled water. The adhesive wetting surface of the 
peel arm in Fig 3.6 was also prepared and cleaned in the same way. 
 
3.3.4.1: Preparation of Peel Test Specimen 
 
Ten pure aluminium peel arms were bonded onto ten aluminium substrates 
using the 3M RelyX™ Unicem clicker adhesive. The adhesive was mixed 
according to the manufacturer‟s instructions. The prepared surfaces of both 
peel arm and substrate were wetted with the adhesive. The two surfaces 
were brought into contact by pressing down firmly to allow the adhesive to 
spread evenly. The adhesive was then set by shining the EFosfor curing light 
between the two surfaces for 20 seconds. The adhesive thickness was then 
measured using a digital clipper. An initiation crack was produced along 
adhesive using a blade between peel arm and substrate material of each 
sample. The five samples were tested after 48 hours, however not all the 
prepared samples responded effectively to the test. There were 3 samples 
which failed before the 30mm peel was completed.  
 
3.3.4.2: Peel Test: Mechanical Testing 
 
Each sample was mounted on the linear roller bearing fixture using screws. 
The fixture was then placed in the Instron 5584 universal testing machine. 
The peel arm was placed within the grips. The peel arm was pulled by the 
Instron at a speed of 1mm/min, where the peel angle was 90o, as shown in 
Fig 3.7. The samples were tested until the crack had propagated and the 
adhesive fails. 
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Figure 3.7: Schematic Illustration of Peel Test specimen (test adopted from 
Kawashita et al., 2006)  
 
3.3.5.: Microhardness Test: 
 
 Sample Preparation 
Two samples of each type of dentine were prepared with the following 
dimensions; elephant dentine and sperm whale dentine 
(10mmx10mmx2mm).  Human dentine was sliced into 2mm thick discs. The 
samples were cut using the microslice 2 diamond blade cutter to provide 
smooth and parallel surfaces. The surfaces were cleaned by wiping acetone 
over them and rinsing them with distilled water. The samples were kept 
hydrated in distilled water 
 
 Mechanical Testing 
The sample was mounted on the platform of the Shimadzu microhardness 
testing machine (Fig: 3.8). There were 5 indentations made vertically across 
each sample, by viewing their placement using the optical microscope 
attached to the Shimadzu microhardness tester. A 100 gram load was placed 
in the holder of the hardness tester for 30 second to indent the elephant 
dentine. A load of 100 grams was needed to produce an indentation, firstly 
90o Aluminium Peel 
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Linear Roller 
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100mm, thickness 
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crack 
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50 grams was applied and no distinct indentation was seen. However when a 
50 gram load was placed in the holder for 25 seconds to indent both the 
human and sperm whale dentine samples, the indentations were visible. 
 
After indentation the samples were then transferred to the Olympus BX60 
optical microscope and by using the Image Pro Express software the 
indentations on each sample were viewed. The samples did not require any 
surface preparation to be viewed. Images of the indentation were taken at 
x50 magnification.  Using the software applications the two diagonal lengths 
of the indentation were measured (Fig: 3.9). 
 
 
 
 
 
 
 
Figure 3.8: Schematic diagram of microhardness indentation experimental 
set up. 
 
Figure 3.9: Schematic of indentation and the two diagonal lengths. 
L1 L2 
Vickers Diamond Tip 
Indenter 
Sample 
            LOAD 
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3.4:  FIBRE ORIENTATION OF RELYX™ POST & EVERSTICK® POSTS 
 
3.4.1: Sample Preparation of RelyX™ Post 
 
A RelyX™ post with diameter 1.6mm was embedded into mounting resin. 
The post was placed into the holder using a plastic coil. The resin was mixed 
and poured into the holder and set for 24 hours. The post was cut into 2mm 
discs using the microslice 2 diamond cutter. The surfaces of the slices post 
sections were cleaned using ethanol and rinsed with distilled water.  
 
3.4.2: Sample Preparation: Everstick® Fibre Post 
 
A 20mm length post was coated with a thin layer of a light cured adhesive 
(3M ESPE Adper™ Scotchbond™, Multipurpose Adhesive, USA) and cured 
using EFosfor (Konstanz, Germany).The post was placed into a mounting 
holder and embedded in mounting resin, and left to set for 24 hours. The 
1.3mm diameter post within the resin was cut into 2mm slices using 
microslice 2, diamond cutter. 
 
3.4.3: Imaging of Fibres using Scanning Electron Microscope 
 
The slices were cleaned using ethanol and rinsed with distilled water before 
mounting them. The 2mm slices of each post type were mounted on a 
stainless steel holder using carbon cement. The slices were then coated with 
a thin layer of carbon and viewed under the FEI Scanning Electron 
Microscope. 
 
3.5: FINITE ELEMENT ANALYSIS 
 
The finite element analysis software that was used for this study was Abaqus 
6.7 – 1. 
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3.5.1: Axisymmetric Push Out Test Model 
 
A 2mm long axisymmetric model with a refined mesh of the push out sample 
was produced; the dimensions and material properties of the parts are shown 
in Table 3.6. Both the dentine and adhesive were modelled as isotropic 
materials, but the fibre post was modelled as anisotropic. The anisotropic 
properties of RelyX™ post are shown in Table 3.7. 
 
Table 3.6: Isotropic Material Properties of Adhesive and Dentine and 
Dimension of Post, Adhesive and Dentine 
PART THICKNESS MODULUS GPa POISSON’S 
RATIO 
3M RELYX 
FIBRE POST 
1.3 mm ________ _________ 
3M RELYX 
UNICEM 
ADHESIVE 
100 µm 5.9 0.27 
HUMAN 
DENTINE 
2 mm 18.6 0.31 
 
 
Table 3.7: Anisotropic Material Properties of Rely X Fibre Post 
ENGINEERING 
CONSTANTS 
3M RELYX FIBRE POST  
EL (GPa) 40 
ET (GPa) 11 
GLT (GPa) 4.2 
GTT (GPa) 4.1 
ѵLT 0.26 
ѵTL 0.07 
ѵTT 0.32 
(Pegoretti et al., 2002)  
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3.5.2: Interfacial Interaction 
 
The interacting surfaces of the parts were tied and coupled, where the 
interacting adhesive was the master surface and both the dentine and the 
post were the salve surfaces. Where the interaction property used was 
frictionless between the interfaces.  
 
3.5.3: Boundary Conditions & Loading 
  
A axisymmetric boundary conditions was applied to the model on the Y axis. 
On the X axis of the model a fixed boundary condition was applied which 
represented the platform of the push out test. A displacement load was 
applied on the post, which represented the load applied to the post during the 
push out test. The load needed for the displacement of the post was 
extracted from the experimental results. The boundary conditions and mesh 
refinement of the all three parts of the model are shown in Fig‟s 3.10 & 3.11 
respectively. 
 
 
Figure 3.10: Finite element simulated push out test showing the three parts of 
the model the post, adhesive and dentine. The boundary conditions are 
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marked as dark blue dots on along the Y axis of the post and the X axis of 
the dentine. The orange arrows on the top surface of the post represent the 
displacement load. 
 
 
Figure 3.11: Finite element simulated push out test model showing the 
refined mesh which runs through each part of the part. The mesh allows for 
uniform distribution of the load across all three materials in the model. 
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CHAPTER 4: RESULTS 
 
4.1:  MATERIALS USED IN PUSH OUT TEST 
 
The materials used to implement the push out test were: 
 
 Two types of Glass Fibre posts 
1. RelyX™ Fibre Post 
2. Everstick® Fibre Post 
 
 Two types of adhesives 
1. RelyX™ Unicem Resin Adhesive 
2. AquaCem® Glass Ionomer Luting Cement 
 
 Three types of dentine 
1. Elephant 
2. Human 
3. Sperm Whale 
 
4.2: CHARACTERISATION OF DENTINE 
 
The microstructure of the different types of dentine influences the type of 
interactions that may take place between the three components; glass fibre 
post, adhesive and dentine.  
 
4.2.1: Elephant Dentine 
 
The microstructure of elephant dentine is similar to that of human dentine 
(Fig 4.1), with a regular arrangement of dentinal tubules. The dentinal tubules 
diameter size of elephant dentine is approximately 1μm, and oval in shape, 
but displays a less dense structure. 
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Figure 4.1:  Backscattered SEM micrograph of elephant dentine (x 5000) 
 
4.2.2: Human Dentine 
 
The microstructure of human dentine shows regular arrangement of dentinal 
tubules (Fig 4.2).  The shape of the dentinal is more elliptical than elephant 
dentine, but has a similar diameter size of approximately 1μm, with a dense 
structure. 
 
 
 
Figure 4.2:  Backscattered SEM micrograph of human dentine (x10000) 
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4.2.3: Sperm Whale Dentine 
 
The microstructure of sperm whale dentine shows random irregular 
arrangement of dentinal tubules with varying diameters and sizes (Fig 4.3). 
The shape of the dentinal tubules is elliptical similar to human dentine.  This 
implies that the structure has less inorganic content compared to elephant 
dentine. 
 
 
Figure 4.3: Backscattered SEM micrograph of Sperm Whale Dentine (x 1500) 
 
4.2.4: Microhardness Test Images 
 
The microhardness values for elephant, human and sperm whale dentine are 
shown in Fig 4.4. The microhardness values were obtained through micro 
indentations made on the surface of the hydrated dentine with an applied 
load, as described in section 3.3.5. 
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(a) Elephant Dentine (x50 ),   (b) Human Dentine (x50), 
Scale = 10µm     scale = 10µm    
 
 
(a) Sperm Whale Dentine (x50), 
Scale = 10µm  
 
Figure 4.4: Nomarski optical images of micro indentations made on elephant, 
human and sperm whale dentine 
 
The images in Fig 4.4 show the shape produced on the dentine samples 
through micro indentation. The images show clear undistorted diamond 
shapes, which imply that the indentations were made correctly and the 
samples were of sufficient size.  
 
The histogram in Fig 4.5 compares the three dentine types and their micro 
hardness levels. It shows that elephant dentine exhibited the highest 
hardness, with human and whale dentine having a similar result. There were 
5 samples (n = 5) of each dentine tested; there was an insignificant statistical 
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error during testing, represented by the error bars using standard deviation 
taken from the mean and plotted on the histogram. 
 
 
 
Figure 4.5: Graph showing the microhardness values (GPa) of elephant, 
human and sperm whale dentine 
 
4.3: CHARACTERISATION OF RELYX™ & EVERSTICK® POSTS 
 
The orientation and distribution of the fibres play an important role in 
determining the properties of the glass fibre endodontic post. The RelyX™ 
fibre post is pre fabricated with a taper, whereas the Everstick® fibre posts 
are parallel and individually placed into the root canal and form the shape of 
the canal. 
 
 
 
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
M
ic
ro
h
ar
d
n
es
s 
 (
G
P
a)
Elephant Human Sperm Whale
Hardness of Elephant, Human and Sperm Whale Dentine
113 
 
4.3.1: Fibre Orientation of RelyX™ Fibre Post 
 
The fibre distribution of the post cross sections ranging from top to tip of post 
are shown in Fig 4.6. From the SEM images it can be seen the top of the 
post shows a sparse distribution Fig 4.7 (a) of the fibres within the resin 
matrix. But as the post starts to become tapered the distribution of the fibre 
become denser as shown in Fig 4.7 (b & c). The tapered tip of the post has a 
dense fibre distribution compared to the top of the post.  
 
 
                  TOP 
 
 
                    MIDDLE 
 
 
 
TIP 
 
 
 
 
 
Figure 4.6: Diagram showing the sections taken from the RelyX™ Tapered 
post and viewed under SEM. 
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(a) Top of RelyX™ Fibre Post (x130) 
 
   (b) Middle of RelyX™ Fibre Post (x150) 
 
(b) Tapered Tip of RelyX™ Fibre Post (x150) 
 
Figure 4.7: Images of RelyX™ Fibre Post at different cross section points 
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The volume fraction of fibres within the resin matrix is between 60-70% by 
weight (3M ESPE RelyX™ website).  
 
 
4.3.2: Fibre Orientation of Everstick® Fibre Post 
 
 
Figure 4.8: SEM secondary electron image (x500) of Everstick® Fibre Post 
cross section showing fibre distribution within resin matrix. 
 
The fibres are distributed throughout the resin matrix. The fibres are oriented 
longitudinally within post. The SEM image in Fig 4.8 shows an outline of the 
PMMA coating around the fibres embedded in the BisGMA matrix. 
 
4.4: CHARACTERISATION OF ADHESIVE 
 
The peel test is used to describe the fracture toughness of an adhesive. The 
peel test also illustrates the mode of adhesive failure which occurs by the 
peeling of the adhesive from the substrate. The peel test was only carried out 
for RelyX™ Unicem adhesive. 
 
 
PMMA Coating BisGMA 
Matrix 
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4.4.1: Peel Test Results of RelyX™ Unicem Adhesive with Aluminium 
Substrate 
 
The average adhesive fracture energy of RelyX™ Unicem was calculated to 
be (Gc) 2144 J/m
2, and the total input energy to be (G)2920 J/m2, which was 
calculated using ICPEEL excel (2006). The tensile properties of Aluminium 
required of calculating the fracture toughness are shown in Fig 4.9. The 
mode of failure recorded was a mixture of both cohesive and adhesive 
failure, where cohesive failure occurred at higher peel forces compared to 
adhesive failure.  
 
 
Figure 4.9: Shows the stress/strain curve for the Aluminium Peel arm. 
 
The integration of the stresses and the moments were done using the ICPeel 
spreadsheet (Fig 4.10). This showed that the non dimensional maximum 
curvature of the peel arm (ko) was plotted against the peel force (f1, f2).The 
fracture toughness was determined by subtracting the total external work 
from the calculated plastic bending energy. 
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Figure 4.10: Graph showing the integration of the stresses and moments 
 
The peel test results show cohesive failure for the RelyX™ Unicem adhesive, 
where the mean adhesive fracture energy (Gc) was 1834 J/m
2 and standard 
deviation 0.12.  The load/displacement curve shown in Fig 4.11 shows the 
cohesive regions during the crack propagation.  
 
Figure 4.11: Load/Extension curve describing the crack propagation and 
showing the cohesive failure region. 
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4.5:  BOND STRENGTH OF ALL MATERIALS AND TISSUES 
 
Investigation of the bond strength of the post system will enable the 
understanding of the interface bond failure. 
 
4.5.1: Push Out Test 
 
The approximate bond strength of RelyX™ Unicem adhesive bonded to 
Everstick® fibre post is 1.7 times greater, then that of RelyX™ post (Fig 4.12).  
The bonding of RelyX™ Unicem adhesive with elephant dentine and both 
RelyX™ and Everstick® fibre post is illustrated in Fig 4.12 & 4.15 
respectively, where the standard deviation of the mean bond strength is 
illustrated by the errors bars on the histogram, where n = 40. The SEM 
images (Fig 4.13) of the prepared elephant dentine show microcracks 
surrounding the circumference of the post. 
 
 
 
Figure 4.12: Graph of RelyX™ Unicem & AquaCem® with both RelyX™ and 
Everstick® fibre post bonded to elephant dentine  
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 (a) Prepared sample (x230)               (b) Tested sample (x130) 
 
Figure 4.13: Scanning Electron Images of RelyX™ fibre post bonded to 
elephant dentine with RelyX™ Unicem adhesive. (a) Image of prepared 
sample before testing, where the post is in the centre of surrounded by 
dentine, (b) Image of pushed out test sample after testing. 
 
          
(a)  Prepared sample (x455)  (b) Tested sample (x150) 
 
Figure 4.14: Scanning Electron images of Everstick® fibre post bonded to 
elephant dentine with (a) RelyX™ Unicem adhesive, prepared sample before 
testing and  (b) AquaCem® luting cement sample after testing 
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4.3: PUSH OUT TEST RESULTS OF HUMAN DENTINE 
 
The difference in bond strength between RelyX™ Unicem and Everstick® 
fibre post is shown in Fig 4.15. The results show an increase in bond strength 
between RelyX™ Unicem and Evertsick® post. The sample preparation and 
the interface between the post and adhesive can been seen in Fig 4.16 & 
4.17 respectively. 
 
 
Figure 4.15: Graph of RelyX™ Unicem & AquaCem® with both RelyX™ and 
Everstick® fibre post bonded to human dentine. 
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(a)  Prepared sample (x390)              (b) Tested sample (x370) 
 
Figure 4.16: Scanning Electron Images of RelyX™ Fibre post bonded to 
human dentine with RelyX™ Unicem. (a) Image of prepared sample before 
testing, (b) Image of sample after testing, showing adhesive still adhered to 
dentine, after testing. 
 
   
(a) Prepared sample (x390)        (b) Tested Sample (x370) 
 
Figure 4.17: Scanning Electron Images of RelyX™ fibre post bonded to 
human dentine AquaCem® Cement. (a) Image of prepared sample before 
testing. (b) Image of pushed out post from dentine after testing. 
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4.4: PUSH OUT RESULTS OF SPERM WHALE DENTINE 
 
The bond strength of RelyX™ Unicem and Everstick® provides better 
adhesion Fig 4.18. The interface between the adhesives and the posts are 
illustrated in Figs 4.19 & 4.20. 
 
 
 
 
Figure 4.18: Graph of RelyX™ Unicem & AquaCem® with both RelyX™ and 
Everstick® fibre post bonded to sperm whale dentine 
 
 
 
 
 
 
 
0
0.2
0.4
0.6
0.8
1
1.2
Sh
ea
r 
B
o
n
d
 S
tr
en
gt
h
 (
M
P
a)
RELYX UNICEM
Shear Bond Strength of both Post Systems with Sperm Whale 
Dentine
RelyX Post
Everstick Post
AQUACEM
n =40 
P = 0.089 
123 
 
    
(a) Prepared sample (x180)             (b) Tested sample (x660) 
 
Figure 4.19: Scanning Electron Images of RelyX™ fibre post bonded to 
sperm whale dentine. (a) Image prepared sample cemented with AquaCem® 
cement (b) image tested sample RelyX™ Unicem push out 
 
           
(a)  Prepared sample (x180)               (b) Tested sample (x150) 
 
Figure 4.20: Scanning Electron Images of Everstick® fibre post bonded to 
sperm whale dentine with (a) Aquacem® cement and (b) RelyX™ Unicem  
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4.5: EFFECT OF POST DIAMETER ON BOND STRENGTH 
 
The effect of diameter size of RelyX™ fibre post did not show any significant 
effect on the bond strength of RelyX™ Unicem adhesive. This was exhibited 
by all three dentine types, shown in Figs 4.21, 4.22, 4.23. The errors bars on 
the graphs are used to indicate the uncertainty in the data. 
 
 
 
Figure 4.21: Graph of RelyX™ Unicem adhesive with RelyX™ fibre post 
bonded to Elephant dentine. 
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Figure 4.22: Graph of RelyX™ Unicem adhesive with RelyX™ fibre post 
bonded to Human dentine 
 
 
 
Figure 4.23: Graph of RelyX™ Unicem adhesive with RelyX™ fibre post 
bonded to sperm whale dentine. 
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4.6: PUSH OUT TEST OF HUMAN DENTINE IMMERSED IN ARTIFICAL 
SALIVA 
 
The effect of saliva on the bond strength was tested using RelyX™ fibre post 
and RelyX™ Unicem adhesive. 
 
The controlled samples which were immersed in the distilled water show 
similar results shown in Fig 4.24. The effect of immersing the samples in 
artificial saliva exhibits an increase in bond strength of RelyX™ Unicem in 
both post systems, Fig 4.25. 
 
 
 
Figure 4.24: Graph of control samples bond strength of both RelyX™ and 
Everstick® fibre post with RelyX™ Unicem adhesive bonded to human 
dentine immersed in distilled water for 1, 7,14,21 and 30 days, where n = 10, 
P = 0.013 
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Figure 4.25: Graph of  test samples bond strength of both RelyX™ and 
Everstick® fibre post with RelyX™ Unicem adhesive bonded to human 
dentine immersed in artificial saliva for 1, 7,14,21 and 30 days, where n = 10, 
P = 0.012 
 
The SEM images of the immersed samples after 30 days show that there 
was minimal change to the interface between the adhesive and the dentine. 
The adhesive was still present, showing a clean even surface around the 
dentine and both post systems (Fig 4.26). 
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(a) RelyX™ Fibre Post (x390)   (b) Everstick® Fibre Post (x350) 
        Scale = 250µm 
Figure 4.26: SEM images of both (a) RelyX™ and (b) Everstick® fibre posts 
cemented with RelyX™ Unicem immersed in artificial saliva 
  
However Aquacem® cement shows a decrease in bond strength when 
immersed in artificial saliva and distilled water respectively. It can be seen by 
the histograms that control samples showed the same results as the test 
samples. There artificial saliva does not affect or further compromise the 
bond strength (Fig 4.27 & Fig 4.28). The interface between the Everstick® 
post and the luting cement has been compromised after immersion, which is 
clearly visible. However the luting cement adhered to the RelyX™ post 
shows to be less dissolved compared the Everstick® post (Fig 4.27). 
 
Dentine 
Post 
Adhesive 
Adhesive 
Dentine 
Post 
129 
 
 
 
Figure 4.27: Graph of control samples bond strength of both RelyX™ and 
Everstick® fibre post with  AquaCem® luting cement bonded to human 
dentine immersed in distilled water for 1, 7,14,21 and 30 days, where n = 10, 
P = 0.034 
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Figure 4.28: Graph of test samples bond strength of  both RelyX™ and 
Everstick® fibre post with  AquaCem® luting cement bonded to human 
dentine immersed in artificial saliva for 1, 7,14,21 and 30 days, where n = 10, 
P = 0.043 
 
               
RelyX™ Fibre Post (390x)  Everstick® Fibre Post (420x) 
 
Figure 4.29: SEM images of both RelyX™ and Everstick® fibre posts 
cemented with AquaCem® cement immersed in artificial saliva 
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4.5.2: Finite Element Analysis of the Push out Test 
 
 
 
Figure 4.30: The undeformed FE model of push out test sample before 
displacement load is applied showing post on the left with the adhesive in the 
middle and the dentine on the right.  
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Figure 4.31: Deformed model showing s12 stresses which run down the y 
axis, showing contour changes in the adhesive indicating stress 
concentration 
 
 S12: post, adhesive interface ~9.92MPa 
 S12: dentine, adhesive interface ~ 6.38MPa 
 
Figure 4.32: The deformed push out test model after loading, showing the 
S12 stresses, the load has dissipated from the post through to the adhesive 
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Figure 4.33: The deformed push out test model after load is applied, showing 
the S22 stresses along the x axis. The stress concentration is subjected to 
the adhesive 
 
 
 Post adhesive interface has the highest s22 = 9.29MPa 
 Dentine adhesive interface s22 = 7.23MPa 
 Failure occurs between post and adhesive interface first 
 
Figure 4.34: The deformed push out test model, showing the S22 stresses 
dissipating through the post where some stresses are subjected to the 
dentine and adhesive interface 
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 Sum of reaction force RF2  on the adhesive = 19N 
 Sum of RF2 on post = 6.75N 
 Shear bond strength = 0.79 MPa 
 Classical model shear bond strength = 0.258MPa 
Figure 4.35: Push out test model showing Reaction Forces RF2, where there 
is a high concentration of RF2 is at the base of the dentine.   
 
4.6: SUMMARY OF RESULTS 
 
The investigation of the bond strength obtained by using the push out test 
showed that RelyX™ Unicem, a resin adhesive had the highest bond 
strength in comparison to AquaCem® luting cement, a glass ionomer 
cement.  The results exhibited that Everstick® fibre post showed the highest 
bond strength with both RelyX™ Unicem adhesive and AquaCem® luting 
cement, compared to Rely™ fibre posts. This is due the IPN structure of the 
Everstick® post, which allows both free radical polymerization and 
interdiffusion polymerization providing intimate interlocking between the luting 
cement and the post. 
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The investigation of the fracture toughness of RelyX™ Unicem adhesive 
using the peel test showed that the mode of failure of the adhesive is a 
mixture of both adhesive and cohesive failure. But, cohesive failure was more 
prevalent among to two types of failure; along with mode I fracture failure. 
 
The results from the axisymmetric FEA model used to simulate the push out 
test show shearing at the interfaces between the post and adhesive and the 
dentine, adhesive after uniaxial displacement load is applied. The shear 
stress concentration (S12 and S22) was identified as being the highest 
between the adhesive and post interface. Where, the reaction force was the 
highest within the adhesive, than the other two components of the post 
system. 
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CHAPTER 5: DISCUSSION 
 
This study was carried out to investigate the properties of glass fibre 
reinforced endodontic posts, adhesive, and dentine interfaces with a view of 
suggesting the most promising combination of post and luting cement to 
reduce clinical failure of endodontic post systems. The research was carried 
out using mechanical testing and finite element analysis. The experimental 
results were promising, which were in correlating with the objectives of the 
study. 
 
5.1: MATERIAL SELECTION 
 
The materials that were chosen for this study were those that are commonly 
used in dentistry, except for the Everstick® Fibre Post which is a relatively 
new concept. The Everstick® Fibres were originally manufactured for 
repairing denture base, but their uses have been extended as orthodontic or 
dental trauma splints, bridges fabrication, and endodontic posts because of 
their versatile properties and ease of handling (Tezvergil et al., 2005).  Metal 
posts could be used as controls for comparison but their interfaces with the 
luting cement are mechanical with no chemical adhesion. It will deviate from 
the main objectives of this present study, therefore, they were not chosen. 
Glass ionomer cement was chosen because of its adhesive properties to 
dentine, but its interfaces with the glass fibres have not been investigated.  
 
5.2: EXPERIMENTAL PROCEDURE 
 
The experimental procedures used for the implementation of this study, were 
based on delivering the results required to understand the interfacial 
properties between the post, adhesive and dentine. Therefore, the push out 
test, which has been used extensively throughout other studies on dental 
adhesive, was suitable for this study. The push out test provides a accurate 
measure of the bond strength because it allows for parallel fracture between 
the interfaces resulting in true shear stress being applied to the sample. The 
sample preparation is the same as clinical application and the sample size 
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mimic in vivo environment. The peel test was used to find the fracture 
toughness of the RelyX™ Unicem adhesive.  The peel test allows for mixed 
mode failure which cannot be represented by other tests such as double 
cantilever, wedge test and end notch flexural test. This test has not been 
previously used to test the fracture toughness of a dental adhesive. Peel test 
has mainly been used for investigating industrial adhesive properties, and the 
results shown have agreed with other results (Moore and Williams, 2006). 
 
5.3 DIFFERENCE IN BOND STRENGTH BETWEEN TYPES OF DENTINE 
 
It is of great interest to find that there were significant differences of bond 
strength between different type of dentine, with elephant dentine having the 
highest bond strength (P=0.027).  
 
The structure of elephant dentine is unique because it has wave like dentinal 
tubules. The arrangement is similar to human dentine. It is important to take 
into consideration that elephant dentine is denser than human dentine 
containing only 25% organic matter whereas; human dentine contains 45% 
organic matter (Nalla et al., 2003). The reason for the higher bond strength 
between the resin adhesive and elephant dentine may be because the 
collagen fibres in elephant are more mineralised than human dentine. The 
high mineralisation of elephant dentine means that it has a higher stiffness 
than human dentine, as shown by the microhardness test it is approximately 
28% higher. The repetitive wave pattern may be a function of the distance 
the odontoblasts have to travel. Therefore giving rise to a better etching 
pattern thus, allowing better penetration of resins resulting in higher bonded 
strength.  
 
The SEM images of the samples (Fig 4.13a) shows that elephant dentine 
samples have many micro cracks around the circumference of the post. It 
also has been seen that the RelyX™ Unicem adhesive is not completely 
adhered uniformly to the dentine; this may be due to the dehydration of the 
dentine, during preparation. This can lead to premature failure of interface 
between the dentine and post. Experimentally, it was observed that elephant 
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dentine does not remain hydrated for long therefore, it may cause the dentine 
properties to deteriorate.  The dentinal tubules of the elephant dentine are 
originally completely dry. Therefore it is essential to understand the 
absorption of water of the elephant dentine to determine whether the dentinal 
tubules are patent or void. 
 
The sperm whale dentine has a highly striated structure with highly elliptical 
dentinal tubules (Figure 4.3). The microhardness and the bond strength of 
sperm whale dentine were not significantly different to that of human dentine. 
The SEM images of the push out test show that sperm whale dentine does 
not produce as many microcracks as for the elephant dentine. This implies 
that sperm whale dentine can remain hydrated for longer (Fig 4.19a). This 
figure also shows that the adhesion of the RelyX™ Unicem to the sperm 
whale dentine is poor. This is because around the circumference of the post, 
the adhesive has not adhered to many parts of the dentine which can lead to 
premature failure of the restoration during testing. 
 
These results may imply clinically that human dentine become more 
mineralised over time due to deposition of secondary dentine. This means 
that older people could have higher post retention. However, as they are 
stiffer, they are more likely to fracture. Therefore, they would need a post 
system that would strengthen their structure.  
 
5.3.2: Bonding of both Luting Adhesives to Dentine 
 
The 30% organic matrix of the RelyX™ Unicem resin adhesive consists of 
phosphoric acidic methacrylates. This provides a high level of polymerisation 
and crosslinking between the adhesive and the dentine.  In addition, the 
phosphorulated conditioner etches the dentine allowing self adhesion. There 
is approximately 70% of inorganic filler in the resin which is used in the 
chemical setting reaction process of the adhesive. The setting reaction starts 
with free radical polymerisation which is initiated by light curing. The 
phosphoric acidic methacrylate in the monomer of the resin mixes with the 
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hydroxyapatite of dentine producing a chemical bond between the resin and 
dentine (Behr et al., 2003). 
 
When the glass ionomer cement has set, the reaction product is hydrogel salt 
which acts as binding matrix through chelation bonds with calcium phosphate 
ions of the dentine, and the carboxyl groups of the cement. The overall 
bonding between glass ionomer cement and dentine is due to ionic exchange 
at the interface. The polyalkenoate chains from the glass ionomer cement 
enter into the dentine apatite, this replaces the phosphate ions. The calcium 
ions in the apatite are also replaced to produce an electrical equilibrium.  This 
produces an ion enriched layer which attaches to the dentine producing a 
bond strength of approximately 3-7MPa (Anusavice, 2003). This gives a 
better adhesion with dentine when dentine is etched. This is shown in the 
results (Fig 4.17b). This is because cohesive failures within a post system 
with AquaCem® cement failures between post and cement interfaces and 
not dentine cement interface. The cement remains intact with the dentine 
after the load is applied during the push out test. 
 
5.4: DIFFERENCE IN BOND STRENGTH BETWEEN THE TWO FIBRE 
POSTS IN HUMAN DENTINE 
 
5.4.1: Bond Strength of the RelyX™ Fibre Post 
 
RelyX™ fibre post is a pre fabricated tapered commercial post which is 
commonly used in clinical applications.  RelyX™ fibre post has a modulus of 
elasticity of approximately 40GPa which is close to that of human dentine 
(Callister, 2000). This property enables it to be flexible in loading and 
unloading during mastication. A study by Ferrari et al., (2006) investigating 
the fatigue resistance of RelyX™ posts showed that RelyX™ fibre post 
exhibited long term stability during cyclic loading of mastication forces where 
failure occurred at 5,000,000 cycles, compared to other fibre posts such as, 
Para® post, Luscent® Anchors and D.T Light® post, which failed at 
1,000,000 cycles. 
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The outer surface of the RelyX™ fibre posts has many micropores. The 
microporous structure provides an indented surface in which the luting 
adhesive can infiltrate. Therefore, the use of RelyX™ Unicem self etching 
adhesives results in reliable bonding with high bond strength, good chemical, 
and mechanical interlocking leading to a reduction in microleakage (3M 
RelyX™ Fibre Post Profile, 2003). 
 
The results from this study have indicated that RelyX™ Unicem self etching 
adhesive provides good bond strength and adhesion with RelyX™ fibre post. 
These results support the statement by 3M ESPE, RelyX™ Profile (2003).  
The main reason for this combination of post and adhesive working well and 
providing stability is because the adhesive provides high chemical affinity 
with the glass fibre reinforced post. The microporous structure of the RelyX™ 
fibre post provides retention for the adhesive. Also, the post is silanated, 
which provides reliable adhesion (Behr, 2000).  The silane coupling agent 
increases the strength of the fibres and reduces water absorption by the 
glass fibres (Rosentritt, 2001).  
 
 
Unlike the RelyX™ fibre post, Everstick® post fibres are only semi-
polymerised. The outer core can be reactivated with monomer to form better 
chemical bond. The Everstick® posts do not have matching drills and 
therefore, can be fabricated to conform to any shape of the canal by a 
technique similar to the “lateral condensation” technique of obturating root 
canal with gutta percha. Since the Everstick® is composite base; it is 
advisable to use composite based cement. However, the adhesive properties 
between the Everstick® post and RelyX™ Unicem has never been 
investigated.  In the present study, it is shown that using Unicem, the shear 
bond strength for Everstick® post is about four times as that for RelyX™ fibre 
post (Figure 4.15). This may be due to Everstick® posts being more closely 
adapted to the canal wall and its semi IPN polymer structure of the 
Everstick® posts which allows interdiffusion of the resin cement (Kallio et al., 
2001). When the Everstick® post and RelyX™ Unicem come into contact, 
the RelyX™ Unicem monomer diffuses into the PMMA linear phase of the 
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interpenetrated polymer network of the Everstick® post. Once the chemical 
reaction has taken place the poly Bis GMA cross linked phase is polymerised 
with the cure light and both the post and resin cement interlock (Mannocci et 
al., 2005). 
 
When the posts were cemented with Aquacem®, it is surprising to see that 
the bond strength of Everstick® was still greater than that of RelyX™ post 
(Figure 4.16a). This may be due to the Everstick® as they are more closely 
adapted to the dentine wall through lateral packing. It is also noted that the 
bond strength using Aqacem® cement is lower than that using RelyX™ 
Unicem cement for Everstick® post but, the trend was reversed for RelyX™ 
post. This will be discussed in the following section. 
 
5.4.2: Bond Strength of Everstick® Fibre Post 
 
The adhesion of RelyX™ Unicem with Everstick® post showed stability, and 
promising results which were better in comparison to AquaCem®. The 
interaction between RelyX™ Unicem with Everstick® post is mainly due to 
the interdiffusion polymerization with between the resin adhesive and the 
BisGMA matrix of the IPN structure of the Everstick® post. The chemical and 
mechanical adhesion of the RelyX™ Unicem is superior to AquaCem® 
because the semi IPN polymer structure of the Everstick® posts allows the 
resin cement to interdiffusion, which strengthens the Everstick® post (Kallio 
et al., 2001). The strengthened bond between the RelyX™ Unicem and the 
Everstick® post is shown in Fig 5.1 where Everstick® post and RelyX™ 
Unicem bonded to human dentine shows higher bond strength compared to 
RelyX™ fibre post and RelyX™ Unicem. 
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Figure 5.1: Comparison of Everstick® post with RelyX™ fibre post with 
RelyX™ Unicem bonded to human dentine, (P = 0.122) 
 
The bonding between RelyX™ Unicem and Everstick® post is unlike typical 
co polymers. It is not chemical but this is solely due to the interdiffusion 
mechanism. When the Everstick® post and RelyX™ Unicem come into 
contact, the RelyX™ Unicem monomer diffuses into the PMMA linear phase 
of the interpenetrated polymer network of the Everstick® post. Once the 
chemical reaction has taken place, the poly Bis GMA crosslinked phase is 
polymerised with the cure light and both the post and resin cement interlock 
(Mannocci et al., 2005). 
 
5.4.3: Difference between Everstick® and RelyX™ Posts 
 
There is a basic structural difference between the two fibre posts i.e. the 
Everstick® post contains an IPN polymer structure while the RelyX™ fibre 
post has an already polymerised and cross-linked epoxy resin matrix, which 
is coated with a silane coupling agent. This structural difference results in 
different modes of adhesion of the luting cement to the posts. The IPN makes 
interdiffusion mechanism possible in Everstick® post. But, in the RelyX™ 
0
0.2
0.4
0.6
0.8
1
1.2
Sh
ea
r 
B
o
n
d
 S
tr
en
gt
h
 (
M
P
a)
Bond Strength of RelyX Unicem with Everstick and RelyX fibre 
posts bonded to human dentine
RelyX Post Everstick Post
143 
 
fibre post this is not possible because of the cross-linked nature of the 
polymer structure.  
 
In this study the bonding of RelyX™ Unicem with RelyX™ fibre post shows  
bonding between the composite resin adhesive  to the fibre post which 
contains cross-linked polymer structure (Fig 4.16a). This means that the 
surface of the post is already well polymerised and there is little, if any 
reactivity left for free radical polymerisation bonding (Le Bell et al., 2005). 
This may be the reason for the lower bond strength values obtained in 
contrast to Everstick® post.  
 
In this case, it can be stated that the adhesion of RelyX™ Unicem can either 
occur through the interdiffusion or through free radical polymerisation of the 
bonding resin. Both of these modes of adhesion were not as effective with 
the RelyX™ fibre posts and RelyX™ Unicem because, the RelyX™ post 
consists of well polymerised epoxy resin matrix which makes the chemical 
reaction difficult to occur between the RelyX™ Unicem and RelyX™ post. 
Thus, the samples in which the RelyX™ Unicem did not have the chance to 
penetrate into the post polymer structure show bond strength almost 
equivalent to that of AquaCem® cement. Whereas, RelyX™ Unicem and 
AquaCem® with RelyX™ post bonded to human dentine both produced 
similar bond strengths of 0.26 and 0.30 MPa respectively. 
 
These results can be further confirmed comparing them with the results 
obtained from a study carried out by Mannocci et al., (2005). In this study, the 
penetration of two different bonding resins applied on glass reinforced 
composite root canal posts was compared; one containing an 
interpenetrating polymer network (IPN) and the other containing a cross-
linked polymer matrix. The IPN post used was Everstick® post and the cross 
linked polymer matrix post used was C Post Millennium. These posts were 
immersed in bonding resins (Scotchbond Multi Purpose Plus, 3 M, St Paul, 
MN, USA and Stick Resin, Stick Tech Ltd). The penetration of the resins was 
measured by confocal microscopy. The results showed that the degree of 
penetration of resin into the Everstick® posts was remarkably higher than in 
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the C Post Millenium. This conclusion also holds truth with the current study 
on bond strength where the resin adhesive and IPN post produce the highest 
bond strength. This indicates that the bonding interface between the 
adhesive and the post is optimum. 
 
The bonding of glass fibre posts with glass ionomer cements is highly 
unpredictable. The bonding which occurs between glass ionomer cement and 
a fibre post is through chemical and mechanical interactions. The 
hydroxyethyl methacrylate (HEMA) which is the liquid part of the glass 
ionomer tends to provide good mechanical retention between the post and 
dentine. However, the main source of adhesion between the glass ionomer 
and the fibre post is due to high level of chemically bonding of glass ionomer 
cement to dentine (Lin et al., 1992). This suggests that the GICs such as 
AquaCem® can only provide bonding between cement – dentine interface. 
Thus, it can be said that GIC‟s are not suitable to provide good interfacial 
properties between the cement - post interface. Therefore, it should not be 
used to cement glass fibre posts.  
 
5.5: DIFFERENCES IN BOND STRENGTH BETWEEN ADHESIVES 
 
5.5.1: RelyX™ Unicem Adhesive 
 
The adhesion of RelyX™ Unicem adhesive to RelyX™ fibre post is meant to 
be the clinical ideal combination reported by 3M RelyX™ Fibre Post Profile, 
(2003). In this study, the bond strength of RelyX™ Unicem to RelyX™ fibre 
post was tested when cemented to elephant, human, and sperm whale 
dentine. The results showed consistency with little variation as seen by the 
small standard deviation, and a maximum P value of 0.05. These results 
suggest that the RelyX™ Unicem resin adhesive through its self etch 
technique is able to bond effectively to both the glass fibre post and the 
dentine surface. The results also showed the RelyX™ Unicem formed a better 
bond with the IPN customised Everstick® post (Fig 4.15). The results from 
this study are comparable with Kececi et al., (2007), where RelyX™ Unicem 
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adhesives has proven to show good bonding with prefabricated glass fibre 
post systems, through push out testing. 
 
The use of RelyX™ Unicem in operative and prosthodontic dental treatments 
has become more popular; because of its ability to self etch enamel and 
dentine (Bishar et al., 2005).  It has also been reported that the marginal 
adaptation of restorations to dentine by using RelyX™ Unicem Self-Adhesive 
resin cement is better than other multi step adhesive systems (Behr et al., 
2004).  
 
5.5.1.1: Micrograph Analysis of RelyXTM Unicem Resin Adhesive 
 
 
The RelyX™ Unicem SEM images with RelyX™ fibre post (Fig 4.13a) 
showed that after testing the adhesive, it remained adhered to the dentine 
and the surface of the post showed small localized amounts of adhesive.  
This can suggest that the mode of failure could be due to the failure between 
the adhesive and the post. In addition to this, it also suggests that the mode 
of failure is cohesive predominately between the post and adhesive interface 
where the adhesive bond intimately to the dentine. This may be due to the 
orientation of the dentinal tubules allowing resin penetration, which also 
provide better retentive factors.  
 
On the other hand, the SEM images of RelyX™ Unicem with Everstick® post 
showed etched dentine and the formation of resin tag. It was also clear that 
the RelyX™ Unicem adhesive was able to penetrate into the IPN polymer 
structure of Everstick® post and formed intimate bonding (Fig 4.20b). 
Therefore, it indicates that the failure occurred with the adhesive in form of a 
cohesive failure, between the dentine and adhesive interface.  This SEM 
investigation confirms that the IPN mechanism, which explains the high bong 
strength for this combination of post and adhesive. 
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5.5.2: AquaCem® Glass Ionomer Cement 
 
 
The shear bond strength of AquaCem® glass ionomer luting cement with 
RelyX™ fibre post is approximately 25% higher than the shear bond strength 
between RelyX™ Unicem with RelyX™ post. These results correlate with 
Goracci et al., 2005, where RelyX™ Unicem produced less adhesion with 
dentine, resulting in inadequate bond strength. The results from this study 
imply that the glass ionomer luting cement provides a better adhesion to the 
glass fibre pre fabricated post. The same trend in terms of bond strength 
between different types of dentine is reported. The elephant dentine shows 
the higher bond strength compared to both human and sperm whale dentine 
(Fig 5.2). 
 
 
Figure 5.2: Shows that elephant dentine with AquaCem® and Relyx™ post 
combination provides higher bond strength. 
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5.5.2.1: Micrograph Analysis of AquaCem® Luting Cement 
 
 
The bonding of AquaCem® to dentine can be observed by chelation where 
the calcium phosphate ions of the dentine apatite are the centre with multiple 
carboxyl groups bonded from the cement. The SEM images (Fig 4.20a) show 
that the failures occurred at the interface between the cement and both types 
of the posts. Thus, it is similar to the failure occurred between the RelyX™ 
post and the RelyX™ Unicem adhesive.  
 
One possible explanation for AquaCem® / RelyX™ fibre post combination 
having higher bond strength than RelyX™ Unicem / RelyX™ post 
combination could be that the GIC is a better material in adhering to the 
roughen  RelyX™ post surface, providing better micro-mechanical retention 
than the RelyX™ Unicem cement. 
 
5.5.3: Bonding of Luting Adhesives to Glass Fibre Post 
 
Kallio et al., (2001) reported that the bond strength depends upon the degree 
of micromechanical interlocking and chemical adhesion between the root 
canal dentine, the luting agent, and the post. The two basic modes of 
adhesion of the resin materials are either: 
 
 Interdiffusion of the monomers of the resin into the polymer phase of 
substrate. 
  Free radical polymerisation of the bonding resin to the unconvertible 
double bonds of the remaining functional groups of the substrate. 
 
The results in this study showed that the combination of RelyX™ Unicem 
cement and Everstick® post fulfill the above mentioned requirements. The 
monomers of the resin cement penetrated into the linear phase of the 
interpenetrating polymer network (IPN) structure of Everstick® posts which is 
polymethylmethacrylate (PMMA), where a strong bond is formed. However, 
in comparison to the AquaCem® luting cement with Everstick® post the 
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bonding is weaker (Fig 5.3). The reason for the week bonding may be due to 
setting reaction of the glass ionomer cement which is an acid base reaction. 
This acid based reaction allows the GIC to bond just to the tooth substance 
chemically by chelation of the carboxyl groups in the acid with the calcium 
and phosphate ions in the apatite of enamel and dentine (Wilson et al., 1983 
and Hosada, 1993) and thus, have no great bonding effect on the IPN 
structure of the posts. 
 
 
Figure 5.3: Graph showing RelyX™ Unicem with Everstick® post produces 
higher bond strength than AquaCem® with Everstick® post 
 
 Studies by Sperling et al., (1994) and Mannocci et al., (2005) concluded that 
there are two requirements for the resin based materials to undergo 
interdiffusion. One is that the interdiffusion usually occurs if the polymer 
substrate is not cross linked and has partially or totally linear polymer 
structure such as the IPN polymer structure. Secondly, the monomers of the 
resin should be able to dissolve the linear or IPN polymer structure which 
means that the solubility parameters of the solvent should match closely to 
that of the substrate. This mechanism was seen in the results of RelyX™ 
Unicem with Everstick® post. It can also be suggested the glass ionomer 
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cements are not able to dissolve the IPN polymer structure thus, 
compromising the bonding effect.  
 
5.7: FRACTURE TOUGHNESS OF RESIN ADHESIVE: PEEL TEST 
 
The fracture toughness of RelyX™ Unicem self adhesive was investigated by 
a peel test where the resin adhesive was bonded to aluminium. The peel test 
is a method of testing the adhesive fracture toughness between two 
adherents. The aluminium substrate and the aluminium fixed peel arm were 
the two adherents.  The tensile pulling force applied to the peel arm 
determined the load at which the aluminium will fail. This data was used to 
calculate the fracture toughness using the Imperial ICPeel Analysis 
spreadsheet. 
 
The type of failure that was seen was a mixture of both cohesive and 
adhesive failure through the specimens. The crack propagation along the 
30mm length of the adhesive between the adherents was relatively slow, 
which provided enough input of energy to allow the specimen to failure in the 
correct manner. The peel load was in the range of 55-70N for all the five 
specimens (Table 5.1). An interesting point was noted, because the adhesive 
was not a film but it was in viscous liquid form therefore, it was essential to 
make sure the adhesive was spread across uniformly, where a crack was 
initiated by using a razor blade.  
 
Table 5.1: The table shows the peel force required to calculate the fracture 
toughness of RelyX™ Unicem when bonded to aluminium. 
Thickness of 
Adhesive 
(mm) Peel Force (N) 
Peel Angle 
(θ) 
Fracture 
Toughness 
(KJ/m
2
) 
Type of 
Failure 
0.14 55 90 1.55 cohesive 
0.14 58 90 1.67 adhesive 
0.19 61 90 1.79 cohesive 
0.19 58 90 1.67 adhesive 
0.11 70 90 2.15 cohesive 
0.11 63 90 1.87 adhesive 
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The analysis of the results showed good consistency because the standard 
deviation of cohesive and adhesive was only ± 0.3 and ± 0.1 respectively. 
This implies that there is good adhesion between the RelyX™ Unicem and 
the aluminium. This is probably due to mechanical bonding of RelyX™ 
Unicem to aluminium. Micromechanical retention was created by preparing 
the surfaces using sand paper to produce a larger surface between the 
substrate and the adhesive.  Also, the phosphoric acid which provides the 
self etching effect of RelyX™ Unicem would have etched the aluminium 
surface of the substrate. The chemical bond produced between the metal 
and resin adhesive interface in the test samples would have been similar to 
the type of bonding occurring between a dental resin adhesive and a metal 
endodontic post system. The chemical bonding would occur through the 
silanised fillers in the resin composite binding to the rough surface of the Al 
and micro mechanical interlocking between the Al and the resin filler particles 
(Sun et al., 2000). 
 
Cohesive failure is when a crack propagates through the adhesive. In this 
study after the debonding of the adhesive, both the peel arm and fixed arm 
were still covered with RelyX™ Unicem. This type of failure was seen during 
the first half of the crack propagation in each specimen. However, the latter 
part of the peel indicated adhesive failure because there was failure between 
the adherent and adhesive. The peel load required to produce a cohesive 
failure of the RelyX™ Unicem was higher than the peel load required for 
adhesive failure to occur approximately 70N. 
 
5.7.1: Difference between Luting Adhesive Fracture Toughness 
 
The fracture toughness (Gc) calculated from the peel test for RelyX
™ Unicem 
was 1786 J/m2. The fracture toughness of AquaCem® glass ionomer luting 
cement from Ryan et al., (2001), was calculated to be ~ 30 J/m2 using the 
fracture toughness (K) value. This shows that RelyX™ Unicem adhesive has 
a far great fracture resistances compared to AquaCem® luting cement. Both 
the push out test bond strength values and the peel test fracture toughness 
values show higher properties for RelyX™ Unicem. 
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5.8: EFFECT OF SIMULATED ORAL ENVIRONMENT ON BOND 
STRENGTH 
 
 
The effect of the oral environment can also have an effect on the interfacial 
properties of the post and adhesive system. From the results of the sample of 
RelyX™ post bonded with RelyX™ Unicem immersed in artificial saliva 
showed the highest bond strength. It was also seen in the results that the 
bond strength of RelyX™ Unicem increased over time for both RelyX™ and 
Everstick® posts. From the results, it was still evident that RelyX™ Unicem 
and Everstick® post produced the best combination because they had higher 
bond strength when immersed in artificial saliva (Fig 4.28). An explanation for 
this can be due to the moisture tolerance of the RelyX™ Unicem, which 
makes it favourable as an adhesive. However, the explanation of this needs 
to be further investigated. A study by Mazzoni et al., (2007) also shows an 
increase in cyclic bond strength of RelyX™ Unicem when stored in artificial 
saliva. The results of this study implies that RelyX™ Unicem it not affected by 
saliva or other oral environmental factors. 
 
Conversely, the AquaCem® immersed in artificial saliva show poor tolerance 
to artificial saliva, where the bond strength deteriorates over time (Fig 4.29). 
This is due to glass ionomer cements being sensitive to moisture. Moisture 
causes the physical properties of GICs to deteriorate, where GICs are 
application is technique and moisture sensitive (Willams et al., 1990). From 
the mechanical and chemical properties of AquaCem®, it was evident that it 
is not a suitable adhesive for glass fibre post cementation. Therefore, RelyX™ 
Unicem provides the best adhesion between the post and dentine interfaces 
when in the oral environment. 
 
5.9: FINITE ELEMENT INVESTIGATION 
 
 
A section of an upper central incisor was modelled using Abaqus 6.7 (Fig 
4.30).  The model imitated the push out test sample. A vertical load of 157N 
was applied. The 157N load was taken from the mechanical load required for 
the post to fail in the push out samples from the mechanical test. The von 
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Mises stresses S12 show stress concentration through the adhesive once the 
force has been applied and the post has been displaced. The stress 
distribution seems to be high around the interface between the adhesive and 
post, where S12 is 9.92MPa. There were also shear stresses along the 
interface between the dentine and adhesive which were smaller. This can be 
seen in the deformed model when the load is applied (Fig 4.31).  The stress 
produced due to the interaction between the materials is shown in the 
deformed S12 model in Fig 4.32. 
 
The S22 stresses shown in the deformed model (Fig 4.33) are the highest 
stresses at the interface between the adhesive and the post 9.29MPa at the 
same point as the S12 stresses. The deformed model represents the S22 
stresses applied. This shows that the material interactions produce a high 
level of stress concentration in the adhesive (Fig 4.34). Where most of the 
load transfer is subjected to the adhesive and the shear stress concentration 
develops between the post and the adhesive interface. 
 
The sum of the reaction forces on the adhesive was the highest 19N. This 
was used to calculate the shear bond strength subjected to the model (Fig 
4.35). The shear bond strength using the FE model was 0.79MPa, the 
classical model shear bond strength was 0.25MPa. There is a slight variation 
in the results between the experimental and FE analysis. The reason for this 
variation could be the time to failure. Also, the experimental set up has many 
limiting factors which could have influenced the overall results. However, it 
can be compared with both FE and experimental results that the failure of 
bonding occurs between the adhesive and post interface. 
 
The accuracy of the FE results can be checked through convergence testing 
by refinement of the mesh. The validity of the FE was analysed through the 
experimental results via the push out test. The FE model showed the same 
simulation as the push out test, using RelyX™ post and RelyX™ Unicem. 
The von Mises stresses were mainly distributed with the post and adhesive 
system (Fig 4.31). The highest shear stress values were located at the 
adhesive post interface implies that there is cohesive failure between the 
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post, dentine and adhesive. This was seen through the push out test 
experimental results using the same combination of post and adhesive 
system. Where after testing the adhesive remained attached to the dentine 
than the post (Fig 4.17b). 
  
The post material showed less stress peaks. This may be due to the similar 
stiffness to dentine. The force dissipated only within the post system and the 
dentine was not subjected to any stress. There was also less stress 
concentration around the top of the sample but, high stress concentration at 
the bottom region (Fig 4.32). In relation to the post in vitro, it would mean the 
top being the cervical region and the bottom the apical. This type of stress 
distribution would be expected. This means that the post is able to dissipate 
the load evenly reducing the failure of the cervical margins. The most 
important component in the endodontic post system is the adhesive, which 
allows the load to be absorbed by the adhesive, reducing the amount of 
stress applied to the dentine. 
 
5.9: CLINICAL RELEVANCE 
 
The importance of this study is to understand the behaviour of the post 
system in vitro. From the results, it can be concluded that the Everstick® post 
and RelyX™ Unicem, post – adhesive combination gives the best results. 
Glass ionomer cements should not be used for cementing Everstick® Post 
due to its incompatibility with the IPN network of the post material. 
 
The failure of this particular combination using the FE model simulation and 
push out test results indicate a cohesive failure between the dentine and the 
adhesive. Therefore, secondary caries can propagate due to bacterial 
penetration through the cracks, and eventually cause the total failure of the 
post system.  
 
Another point to be noted is the self etching resin adhesive RelyX™ Unicem, 
when applied sufficiently can provide good longer term stability in simulated 
oral environment.  
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The customised Everstick® post provides better stability because the 
diameters and length of the post can be adapted to the shape of the 
prepared canal. The adaptation is through lateral condensation, which is 
similar to putting thermal gutta percha points into the canals and condensing 
them into the canal. This prevents microleakage by providing a tight seal. 
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CHAPTER 6: CONCLUSION AND FUTURE WORK 
 
 
This study provides comprehensive detail into to the interfacial interaction 
between the post-adhesive-dentine. It can be concluded that: 
 
1. Everstick® post with RelyX™ Unicem adhesive provides the 
most retentive post system.  
2. Everstick® post with RelyX™ Unicem adhesive is stable in 
simulated oral situation. 
3. RelyX™ Unicem is more stable than Aquacem® in oral 
environment. 
4. Everstick® post with RelyX™ adhesive could be recommended 
as a post system.  
5. Degree of mineralisation may affect the retention of the post. 
The future work that needs to be addressed is: 
 
1. The effect of mineralisation in human dentine on retention of the post. 
2. Fatigue fracture of the fibre glass post system including its effect on 
fracture of root dentine. 
3. More sophisticate FEA modelling of the post system to simulate 
clinical loading with a view to provide better design for novel post 
fabrication.  
4. Test GIC stability in artificial saliva by sealing the cement with a 
coating to reduce moisture uptake by the GIC. 
5. Investigate the effect of adhesive strength (Gc) by using elephant tusk 
as a substrate material to test in Peel test. 
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